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OCCUPATION. 
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I 



YGiENE OF Occupation. 

BY 

ROGER S. TRACY, M.D., 

SANITAllY INSPECTOR OF THE BO.VKD OF HEALTH, NEW YORK. 



HYGIENE OF OCCUPATION. 



The first author who stuaied the relation between the habitual occupa- 
tion of men and their physical and mental health was Bernardini Ramaz- 
zini, who published a treatise, " I)e morbls artificum," at Padua, in 1713. 
The work seems to have attracted immediate attention, for we find another 
edition published at Geneva in 1717, and it was followed by treatises in 
French, being itself translated into tlie latter language in 1777, by Four- 
croy. The work of Ramazzini is even now a striking one, both on account 
of its fulness of treatment and its intensely pessimistic views of the condi- 
tion of the artisan. This extremely melancholy view of the effect of oc- 
cupation on the health has been attributed, and jjrobably with truth, to 
the fact that he did not sufficiently distinguisli between the direct effect 
of the occupation and the influence of the home surroundings and food. 
The elimination of outside influences is not even now an easy one, and still 
it is evidently unscientific and unproductive of any good result whatever 
to describe as due to the occupation diseases whose prevalence is mainly 
caused by bad food, insufficient sleep, or bad ventilation or drainage. 

The diseases fairly chargeable to the occupation of an individual are 
those which can be traced to the conditions under which he works, the 
strain or effort to which special organs are subjected, and tlie actual contact 
with substances which produce changes by reason of their mechanical or 
chemical qualities. Thus, he may be constantly obliged to work in a room 
where the air is filled with dust, vapors, or gases of an irritating or poison- 
ous nature, or he may be necessarily exposed to great heat, cold, or wet, 
or to sudden variations of temperature. He may develop certain muscles 
at the expense of others, and so produce deformities of various kinds, as 
humpback, subluxations, bandy-legs, knock-knees, etc., or a strain upon 
particular organs may cause disease of those organs, as visual, cerebral, 
or laryngeal troubles. The contact with chemical irritants may cause 
cutaneous disease or actual poisoning, and the mechanical irritation of 
tools, etc., by intermittent pressure, will produce callosities and bursna. 
Excessive effort may cause hernias or heart disease, rupture of muscular 
fibres, or even fractures of bones. And, under peculiar conditions not well 
understood, incessant use of a particular set of muscles in a certain way 
may bring on a spasm or cramp, which prevents their further use in that 
particular manner, and forces the patient to change his occupation. 
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The enormous imi^ulse given to manufactures of all kinds by the 
utilization of steam has already made a great change in the physical con- 
ditions under which the laborer works. The employment of a great 
amount of capital in a single establishment enables the proprietor to 
furnish roomy shops and special means of ventilation in place of the con- 
tracted dwellings or small, ill-ventilated shops in which private workmen 
once had to labor. The greater facilities possessed by large establish- 
ments for the disposal of their goods also enable them to be content with 
smaller profits and so undersell the small proprietor, a course which seems 
to be gradually transferring the fixed capital of the whole commercial world 
into the hands of a few persons. This gradual massing of wealth is, how- 
ever, attended with its benefits to the artisans themselves. Notwithstand- 
ing some exceptions, workmen, as a rule, work under healthier conditions 
and receive better wages in large factories than when they work by them- 
selves at home. A somewhat striking illustration of this is given by Hirt 
in the case of weavers in Germany. An industrious, skilful weaver, ac- 
cording to his statement, working at home on his own loom, can earn on 
an average 2 thalers ($1.43) a week, or, on very fine work, 2^ thalers. 
His wife and children earn a little besides, so that the total average 
family income amounts, with slight variations, to about 100 or 120 thalers 
a year. Of this he pays 25 for dwelling and fuel, 5 for school money and 
sundries, so that he has about 90 thalers left for food and clothing. The 
morning meal of such a family consists of meal soup and potatoes, with 
rye coffee. At noon they have bread and potatoes, and in the evening 
meal soup and potatoes. They cannot afford meat, excepting on Sundays 
and holidays, when they may have half a pound of veal for the whole 
family. In some places there are knackeries, where horse-meat can be 
bought for about six cents a pound, but it is mostly sold in the form of 
sausages, stuffed with fat and hard to digest; its nutritious value is small, 
and it often causes severe gastric catarrh. The dwelling-space is very 
contracted, two or three families often living in one room, which is quite 
dark, owing to the small size and dirty condition of the windows — which 
are, in addition, almost always nailed up so that they cannot be opened, 
and drip with the condensed moisture of the oppressive atmosphere of the 
room. In vivid contrast with the condition of these poor people is that 
of the factory hands, who work in large rooms, where there is hardly any 
dust or bad odor, Avhere the air is quite fresh and frequently changed, and 
they can earn from 2^ to 5 thalers a week, with less labor and less risk to 
their health. 

But although the sanitary surroundings of the workmen, as regards 
ventilation and light, together with the hours of labor, wages, and conse- 
quently food and clothing, are growing gradually better, certain new 
dangers have been introduced by the new processes of manufacture, which 
have not yet been fully met. Striking examples of these are seen in the 
manufacture of matches, and of chemicals such as potassium bichromate, 
quinine, etc., and the use of such agents as carbon bisulphide and the 
brilliant colors produced by various compounds of arsenic. 
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Since the dangers incident to various occupations have been brought 
to public notice, it has become a grave question how far the employment 
of women and children in factories should be allowed. Women are cer- 
tainly more delicately organized than men, less capable of sustained 
muscular exertion, and more susceptible to many of the poisons used in 
the arts and manufactures. As the physical condition of women has sucli 
an important bearing on the welfare of the race, and on the health of 
future generations, it becomes fairly a question of government control. 

The same is true with regard to children. They are soon to be men 
and women, and constitute the sinew of the country. It is of supreme im- 
portance for the existence of any nation that the physical and mental 
health of its children and youth should be carefully guarded and kept at 
its highest possible point. But, in the formative period of life, constant 
and powerful impressions of any kind leave their mark, when they fail to 
in any way alter the iron frame of the adult. In England, in past times, 
little creatures of six have been made to work all day in factories, and the 
distortion of the limbs produced by the constrained attitude they were 
obliged to assume was so great and so universal as to give rise to the 
term "factory-leg," a form of bandy-leg, with a partial subluxation of the 
tibia on the femur. It is to be remembered that many of the epiphyses 
are not united with the bony shaft until the fourteenth or sixteenth year, 
that the substance of the bone is so soft and yielding that " greenstick " 
fractures occur, and that the function of hematosis is so imperfectly 
established that comparatively small losses of blood in children produce 
serious results, and that lack of fresh air and exercise produces anscmia 
and debility in them much sooner than in adults. According to Hirt the 
curves of the spine even, which are so pronounced in adults, are lacking 
at birth, and do not appear until the seventh year, and really result from 
muscular exertion and the weight of the body. One might certainly infer 
from this that, if a human being lay on his back from birth, these curves 
would never appear; but they are, notwithstanding, plainly indicated in 
the foetus or new-born child, as may be seen from the photographs of 
frozen sections in Plates XI. and XIII. of Part I. of Rildinger's Topo- 
graphisch-chirurgische Anatomic. Some interesting figures are given by 
Layet (p. 59), showing quite clearly the influence of factory labor on the 
health of the young. Out of 10,000 conscripts from ten agricultural 
departments of France, 4,029 were rejected on account of small stature, 
rachitism, various infirmities or feebleness of constitution, while in the 
Marne, the Seine-Infcrieure, the Eure, etc., manufacturing districts, there 
were 14,451 rejected to 10,000 found fit for the service. 

Such considerations as the above have induced most governments to 
frame laws for the protection of children against the rapacity of parents 
and employers, and to prescribe quite in detail the time and manner in 
which their labor may be availed of. Legislation of this kind has been 
rnost extensive and complete in England, and her example has been fol- 
lowed to a greater or less degree by many other countries of Europe and 
some of the United States. The first Factory Act was passed in 1833, 
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and additions and emendations have been made at intervals, ten in all, up 
to the last act of 1878. The act of 1874 provides that no cJiild under ten 
shall be employed in a factory regularly, excepting in textile industries 
and small shops with less than 50 employes, where they may be em- 
ployed at 8 years of age. Children from 9 to 13, youths up to 18, and 
women of every age over 18 can be employed only from G to G, or from 7 
to 7. Children, young people, and women are forbidden to eat their meals 
in the work-rooms, and must have two hours for meals, one of them At 
least being before 3 p.m. Children, young people, and women must not 
work longer than 4^ hours on a stretch, without a pause of at least half 
an hour. On Saturdays they are allowed to work only till 12 : 30 or 1 
o'clock, or, if a recess is allowed, until 1 : 30. Children who work under 
these rules all day long must have every other day free. If they work 
every day, they must be employed from G to 1, or from 12 to 6, i. e., half 
the day. They must not be made to work Saturdays, Sundays, holidays, 
or by night. Inspectors are appointed by the government, whose duty 
it is to visit all factories in their districts, and see that these provisions 
are carried out and the legal penalties enforced against employers who dis- 
regard them. The act of 1878 facilitates such inspection and regulation. 

In France, only children over 12 can be employed regularly in factories, 
excepting in certain special trades which are named, at which those of 10 
years old may work, but only 6 hours a day. Night work is only allowed 
to those over 16, and to girls over 21. With few exceptions, children 
under 13, girls, and women, cannot be employed in subterranean labor. 

In Germany the age at which children may be set at work in factories 
is fixed at 12 years, and in Switzerland at 14. 

In the United States similar laws exist, so far as I have been able to 
learn, in only three States. In Massacliusetts, children under 10 are for- 
bidden to be employed regularly in factories, while in Rhode Island the 
limit is fixed at 12, and in Pennsylvania at 13. 

All of the laws hitherto passed on this subject seem to be merely 
tentative. It has been observed that the quality of the national body and 
mind was being injured by the stunting effect of work on those of tender 
years, and so lawgivers have tried to regulate the matter empirically, 
without consideration of the physiological principles involved. Instead 
of saying, "This child began factory-work at eight and was injured there- 
by, and so hereafter no child shall work until he is nine," it should be con- 
sidered that just previous to puberty occurs the most rapid growth of any 
age, and that during this time, say from 11 to 14, and while the sexual 
evolution is in progress, the stamina of the child is taxed to the utmost. 
He or she should at such a time be engaged in the most healthful occupa- 
tion of body and mind— not subjected to great fatigue, and should be so 
employed that, whenever it appears advisable, the habitual occupation can 
be intermitted. This intermission is possible if the child is only employed 
at home or in school, but not under the inexorable discipline of a factory. 
I think, therefore, that eventually the laws will be so framed as to either 
prevent the employment of children in factories before the age of puberty, 
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or render their employment under that age liable to irregular interrup- 
tions, and therefore a well-recognized commercial risk. The age at 
which they may first be employed will either be fixed arbitrarily at 14 or 
15, or will be left to the judgment of a medical inspector. Between 14 
and 20, the youth is still immature, although capable of considerable en- 
durance, and he or she should not be allowed to work more than eight hours 
a day at the most. After this age, the hours and methods of labor may 
safely be left to be determined by the law of competition. 

In all cases, growing persons and women should not be allowed to 
work in places where they are subjected to the influence of poisons, such 
as lead, mercury, phosphorus, etc. Besides their deleterious effect upon 
the growing body, they are peculiarly injurious to the sexual health of 
women, and produce menstrual irregularities and abortions. This has 
been abundantly })roved in the case of lead and mercury, and possibly of 
tobacco. 

All factories should certainly be under sanitary supervision, and all 
laws for the protection of women and children in this regard rigidly en- 
forced. Hirt thinks that every workman in a factory should undergo 
medical examination, and those unfitted for particular trades should be 
forbidden to work at them. A narrow-chested man, for example, with 
plithisical tendencies, should not be allowed to work at dry grinding, but 
only the robust and vigorous. This advice seems of doubtful value. If 
carried out, it would certainly result in putting the best physical material 
in the nation into the most destructive occupations, and end in a pro- 
nounced deterioration of the national stamina. This very thing has 
been long practised in the military service, and political economists have 
bewailed the fact that war weeded out just the flesh and blood that the 
nation most needed, and left all the consumptives and imbeciles at home 
to propagate their species. In the army such rules, however, are impera- 
tively necessary, for consumptives are no more fit for soldiers than for 
fathers; but to choose such a method of depreciating the stock deliber- 
ately where it is not necessary, would seem to be very undesirable, to say 
the least. The contrary would better serve the interests of the race, viz. : to 
encourage the weakly to work at the injurious trades, and discourage the 
vigorous. A certain amount of selection in this respect is brought about 
even now by natural laws, and we find the feeble taking of their own ac- 
cord to sedentary and confining occupations, while the giants alone can 
carry on the operations of a great forge or smithy. 

The classification of the various occupations for the purposes of this 
chapter is a matter of much difficulty. Almost every occupation exposes 
its followers to more than one souz'ce of danger. Thus, a hatter is ex- 
posed to dust in sorting and cleaning the hair of which felt is made; 
to the poisonous effects of mercury, which he uses to separate the hair 
from the hide; to acid fumes, and to odors more or less offensive from the 
glue or size used in stiffening. The iron-puddler is subjected to sudden 
extremes of heat and cold, to the effects of excessive muscular effort and 
to the dazzling light from the mass of molten metal. It is therefore 
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necessary to classify occupations according to what seems to be the chief 
source of injury connected with them, and in this respect there will 
naturally be much difference of opinion. 

The classification, to which 1 shall adhere as closely as possible, is the 
following: 



Occupations involving the introduction of deleterious matters into the 
body. 

1. By Inhalation. 



A. Vapors and Gases. 



h. Poisonous. 



^ c. Offensive. 



1 



B. Dust. 



a. Irritating. ■\ 



! Metal-refiners, gold- and silversmiths, jewellers, 
electrotypers, etchers, bleachers, straw-hat 
makers, manufacturers of chemicals, 
r Gasmen, gilders, mirror-makers, brass-found- 
ers, match-makers, rubber manufacturers, 
smelters, manufacturers of aniline, photog- 
raphers, cloth-scourers. 
^ Brewers, butchers, fellmongers, leather- 
dressers, tanners, gut-cleaners, tripe- and 
head-cleaners, fat-ienderers, lard-refiners, 
bone boilers, glue-makers, fertilizer manu- 
facturers, pork-packers, soap-makers, oil- 
pressers, cheese-makers, scavengers, sugar- 
refiners, fullers, hostlers, dog-fanciers, rag- 
pickers. 

Bronzers, file-cutters, fitters, grinders, needle- 
makers, pin-pointers, cutlers. 
Cement-makers, stone-cutters, potters, lime- 
burners, plaster-burners, glass-cutters, sand- 
blast operatives, diamond-cutters, lithog- 
raphers. 



I 



Metallic 



Mineral. 



i Chimney-sweeps, moulders, millers, cotton. 
Vegetable. Hax, and hemp operatives, tobacco opera- 



tives. 



Animal. 



b. Poisonous. 



j Brush-makers, button-makers, feather, wool and 
\ silk operatives. 
^ Mixed : Carpet-cleaners, hair-pickers, street-sweepers. 
Artificial-flower makers, wall-paper makers, hatters, 
enamellers, painters, type-founders, white-lead manu- 
facturers, workers in copper. 

2. By Absorption. 



1. Irritating substances : Domestics, washerwomen, grocers. 

2. Poisonous : Paederasts, prostitutes. 



II. 

Occupations involving exposure to conditions that interfere with nu- 
trition. 

1. Elevated or Variable Temperaiure. 

( Boatmen, fishermen, farmers (florists, gardeners nur- 

a. Vicissitudes of weather. - serymen). drivers (cartmen, hackmen, omnibus-drivers) 

( laborers, bricklayers, masons. 
( Brick-makers, bakers, cooks, charcoal-burners, blacksmiths en- 

b. Artificial heat. \ gineers. stokers, forgemen, iron-puddlers, glass-blowers dvers 

( laundresses. ' ^ 
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2. Over-use of Certain Orrjans. 
a. Nervous system (mental worry) merchants, physicians, tea- 

b Eves ^ Engravers, lapidaries, watchmakers, seamstresses (embroiderers, lace- 

^ ■ ( makers), 
c. Vocal organs : Actors, clergymen, singers, public speakers. 

d Muscles 1 ■'^t^l®''^^* coi)yists, musicians (pianists, violinists, brass-instrument 
■ \ players). 

3. Constrained Attitude. 

Printers (compositors, pressmen), coopers, carpenters, cabinet-makers, shoemakers, 
tailors, salesmen and women. 

4. Sedentary Life. 
Artists, clerks, lawyers, literary men, students, teachers. 



III. 

Occu2")ations involvin<^ exposure to mechanical violence. 

1. From machinery : Factory operatives, machinists, railway employes. 
3. From preventable accidents : Lunibenncu, quarrymen, roofers. 
3. From variations in atmospheric pressure : Aeronauts, caisson- workers, divers, 
boiler-makers. 



Besides the diseases which may be considered due to occupation, there 
are certain anomalies of nutrition, which are rather to be classed as com- 
pensatory physiological changes than as actual disease. Such are the 
thickening of the skin and development of bursae in parts subjected to 
friction and pressure from the tools used in a trade. Some of the marks 
thus produced are quite characteristic of the trade which causes them, and 
thus become important from a medico-legal point of view. The " profes- 
sional liand," as it has been called, has been the subject of elaborate in- 
vestigation in France, and in fact most of the information to be gathered 
on these marks can be traced to the papers of Tardieu and Vernois, the 
latter especially comprising nearly all that is known about the subject. 
Interesting and of some importance for similar reasons are the stains left 
by substances used in the arts and manufactures, which also, in certain 
cases, may furnish a clue to personal identity. The most important of 
these various marks, although not strictly diseases, will be mentioned 
undei: the appropriate headings, and will also be found tabulated for con- 
venient reference at the end of the chapter. 



I. 

Occiqoations involring the introduction of deleterious matters into the 
body. 

These matters may exist in a gaseous form or as dust in the air, and 
be introduced into the body through the respiratory mucous surface, i. e.y 
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by inJialation, or enter it through the other mucous surfaces or the skin, 
i. e., by absorption. 

1. Occiipatiojis in which individuals are exposed to the iniialatio.v 
of deleterious matters. 

A. — Vapors and Gases. 

The foreign vapors, gases, and fumes which exist in the air of many 
workrooms and are necessarily inhaled by the workmen, may be broadly 
divided into three classes: those whose principal effect is local and consists 
in irritation and stimulation of the mucous membrane of the air-passages, 
those whose chief effect is a poisonous one and is brought on by the ab- 
sorption of the noxious substances into the blood, and those whose most 
marked characteristic is their offensive odor. 

a. Occupations ichich expose 2)ersons to the inhalation of irritating 
gases or fumes. 

The gases included under this heading are mostly ammonia, chlorine, 
suljihurous, hyponitric, nitric, hydrochloric, and hydrofluoric acids. They 
differ very much in the degree of irritation they cause, and in the ulterior 
consequences of such irritation. 

The immediate result of an exposure to these fumes is cough and an 
increased secretion of mucus from the throat and nose, with in some cases 
lachrymation and sneezing. When they are in small quantity the only 
symptom may be a tickling, harassing cough, and when in very large 
quantity they may cause sudden spasm of the glottis, or even oedema, so 
as to threaten suffocation. Attacks of coughing due to such irritation 
may occasionally be followed by bloody sputa, owing to the general con- 
gestion of the mucous membrane. 

The ultimate results of the inhalation of such fumes are catarrhs, the 
acute forms being less common than the chronic. These chronic catarrhs 
sometimes eventually produce bronchiectasis and emphysema, and occa- 
sionally spasmodic asthma. As in all chronic catarrhs, the retention of 
mucus or blood, or small local pneumonias, may lead to the caseous degen- 
eration of portions of the lung, and finally to one form of phthisis. 

According to Layet, the acid atmosphere of such workrooms is very 
destructive to the teeth, and those who are exposed to it lose these organs 
at an early period. 

It is to be borne in mind that certain of these acids (sulphuric, nitric) 
are used in medicine as tonics, and there are facts going to show that 
when taken into the system in the gaseous form, through the lungs, they 
have a tonic effect. Angus Smith found that in some of the manufactur- 
ing districts of England the people were in the habit of bringing those 
sick with pulmonary diseases to the vicinity of factories which gave forth 
acid fumes in sufficient quantity to destroy vegetation, and reference has 
already been made in the chapter on Public Nuisances to the report of 
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the Belgian Commission regarding the apparent beneficial ef?cct of such 
fumes on the public health, Hirt found that the air of workrooms usu- 
ally contains only 1 or 2, or at the highest 3 per cent, of sulphurous gases, 
but he found in exceptional cases 7 per cent., and very rarely (in straw- 
hat factories) 15 per cent. According to his observations 4 per cent, 
does not injure the health of the workmen ; from 5 to 7 per cent, causes 
lung diseases, but principally affects the digestion; 10 per cent, causes 
severe cough and inflammation of the conjunctiva. Great numbers of 
workmen suffer from loss of appetite, heartburn, irregularity of the 
bowels, etc.; but some find their appetite increased, so much so as to 
eat even double their ordinary ration of food. 

Some of these fumes are more liable to produce particular diseases 
than others, and the difference is not to be explained simply by a differ- 
ence in the degree of irritation produced. Catarrhs result most com- 
monly from the inhalation of the nitrous fumes — less often from the sul- 
phurous; they are occcasionally due to chlorine, while hydrochloric acid 
very rarely produces them. On the other hand, hyponitric fumes, which 
oftenest cause catarrh, never according to Hirt produce pneumonia, wliile 
this disease is not rare from the inhalation of chlorine, and in such cases 
generally turns out badly. Falk (quoted by Hirt) describes pneumonia 
with circumscribed gangrene as due to chlorine gas, and Eulenberg thinks 
that, after a long exposure to a small proportion of this gas, complete 
hepatization of the lung may take place. Fluosilicic acid fumes may 
cause pneumonia, and also the vapors of ammonia and lime. Ammonia 
is said to be particularly apt to produce emphysema. 

Occvjxitions. 

The " wet " method of refining metals has been already described in 
the chapter on Public Nuisances. The nitrous or sulphurous fumes which 
are disengaged are very irritating to the workmen, but, by proper appa- 
ratus, may be almost entirely condensed. 

Goldsmiths, silversmiths, and jeicellers are exposed to various kinds 
of fumes. They clean small articles made of copper, and prepare them for 
gilding by dipping them into nitric acid. Fumes of hyponitric acid rise, 
and are said to have even caused death when inhaled almost pure. The 
sweepings of their shops are burned, and the ashes treated with mercury, to 
obtain the gold which is always found in them. The mercury is then 
driven off in vapor. If this operation is carried on in the shop, the work- 
men are of course exposed to mercurial fumes and the danger of poisoning. 
The habitual contact with acids irritates the skin of the hands, and may 
even bring out on the palms a psoriasiform eruption (Layet). Where the 
galvanic method of gold- and silver-plating is emj^loyed, there is a consid- 
erable evolution of hydrogen from the decomposition of the water in the 
cells, sometimes enough to seriously affect the constitution of the air of 
the workroom. These artisans, moreover, take a most constrained attitude 
at their work, with their bodies bent forward, their head bowed, and the 
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chest narrowed in front, and frequently contract phthisis. Hirt states 
that three-quarters of all the deaths among goldsmiths are due to this dis- 
ease,*though statistics differ as much here as in all other mortality lists. 
The proportion of deaths from phthisis are given by Hannover (Copen- 
hagen) at 38 per cent., an d by Trebuchet (Paris) at 20 per cent. (Layet). 

Electrotypers are exposed to the same influences as the electro-i)laters 
above spoken of. 

Etching is done upon plates of metal or on glass. In the former case, 
the artists are exposed to the fumes of hyponitric acid, and to the irri- 
tation of the nitric acid wherever it comes in contact with the skin. In 
etching on glass hydrofluoric acid is used, which is highly corrosive and a 
violent poison. This acid produces painful ulcerations of the hands, and 
in a gaseous form intense coryza and bronchial catarrh, with irritation of 
the conjunctiva. 

Workmen may be protected to a considerable extent from the nitrous 
fumes by having the operations which evolve them carried on in compart- 
ments with glass sides or top, or under hoods which are connected by a 
shaft with the chimney, or with an upright shaft communicating with the 
external air. The circulation in such a shaft may be kept up by a gas- 
light. If necessary, a mechanical fan or blower driven by steam may be 
used in large factories. 

As hydrogen is so much lighter than air, any amount of it is easily 
disposed of by having two upright shafts extending above the roof, and 
differing three or four feet in their height. 

It has been proposed in France by Hillairet, and recommended by the 
sanitary authorities there, to supply the workmen with flasks of ammonia, 
which volatilizes at ordinary temperatures, and forms with the nitrous 
gases innocuous compounds of ammonium nitrate and nitrite. 

Etchers are to be protected by similar means, but, as the fumes to which 
they are exposed are very corrosive, the ventilation must be very carefully 
attended to, and the workmen should wear gloves. Layet suggests, sin- 
gularly enough, that the work be done under covers, with openings for 
the arms, and glass to facilitate vision (!), as if the glass would not rapidly 
lose its transparency. Etching by means of hydrofluoric acid has been 
to a considerable extent superseded in this country by the sand-blast. 

Bleachers of cloth are exposed to chlorine gas, and sometimes suffer 
from it, but as a rule the amount inhaled by them is harmless. According 
to Hirt, the men who manufacture calcium chloride, and inhale chlorine 
gas in large amount, almost all complain of loss of the sense of smell, but 
no such effect is noticed after the mild doses which bleachers get. Ex- 
periments on animals have shown that one part in five of this gas produces 
cough, bronchitis, pneumonia, and even spasm of the glottis and death. 
Of course such consequences are never felt by workmen. Besides chlorine 
however, bleachers have to work with hot water and strong lye, and the 
skin of the hands is blanched and softened, often cracked and fissured. 
The forearms are often covered with eczematous eruptions or furuncles 

Strcm-]iat makers inhale more or less sulphurous acid gas. Fine hats 
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are first bleached in a solution of calcium chloride, and then dried and 
brushed. The brushing disengages considerable dust, and if, as is some- 
times the case, it contains white lead, saturnine poisoning may result. The 
hats are afterward exposed to the fumes of burning sulphur in closed 
boxes, and when these leak through carelessness the fumes pervade the 
workroom, rarely, however, in sufficient volume to injure those present. 

Manufacturers of chemicals inhale many substances of an irritating 
nature, including nitric, sulphuric, oxalic, and picric acids, ammonia and 
ammonium carbonate, soda, sulphate of quinine, and potassium bichromate. 
The effects produced by the inhalation of acid fumes have been already 
described. 

In the manufacture of ammonia and ammonium carbonate, almost 
unavoidably some of the gas will escape into the atmosphere of the work- 
room. A proportion of 10 parts in 100 can be borne with impunity by 
men and animals. More than this may give rise to serious symptoms. 
Hirt quotes from Castan (Gazette hebdom., April 7, 1871) a case of pois- 
oning by the inhalation of this gas in a man who worked at an ice- 
machine and was exposed to the influence of the gas five or ten minutes. 
There were symptoms of suffocation, great dyspnoea, burning in the throat, 
spasm of the glottis, and vomiting of serous matters. When the physician 
arrived he was in a state of exhaustion, with pallid face, profuse sweat of 
an ammoniacal odor, pulse small and frequent, temperature normal, mouth 
and pharynx bright red, and auscultation and percussion gave normal re- 
sults. He was treated with lemonade and sinapisms, and fully recovered. 

Soda factories send forth some chlorine gas, but mostly in composi- 
tion with hydrogen, as hydrochloric acid. If the apparatus is imperfect, 
and any of this gas is allowed to escape, the workmen suffer considerably. 
They are anaemic, emaciated, weak, and often have hot, dry skins, dysp- 
noea, and bronchial catarrh. The pulse is small and about normal in 
frequency, but the gastric region may be tympanitic, and often painful 
and tender to pressure. Diarrhoea is common, the urine is often scanty 
and high-colored, and there is a tendency to vomiting of yellowish mucus 
after meals. Hirt attributes the diarrhoea, which is so common in soda- 
makers, to the immense quantity of water they drink, which always con- 
tains acid and is decidedly sour to the taste. The vapors sometimes 
cause fugitive erythematous eruptions on the covered as well as the 
exposed parts of the skin. According to Layet, the teeth become soft 
and translucent, owing to the dissolution of the calcareous particles, and 
are very apt to break off at the neck, leaving a stump, which gradually 
grows black. 

The emanations given off during the manufacture of the sulphate of 
quinine produce cutaneous eruptions in certain persons. There is some 
discrepancy in the accounts of the disease given by different observers. 
Accordin-'- to Hirt, the eruption appears on the parts of the body not 
protected'' by clothing, while Proust says it shows itself on the forearms, 
face, and the internal surface of the thighs and genitals. Its development 
in the latter locality looks as if it were due to local irritation, the poison 
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being carried to tlie parts by the liand. I.ayet clainis that it covers the 
whole body. It is of an eczeinatous character, while the eruption which 
occasionally follows the internal administration of the drug is erythe- 
matous. Hirt and Layet state that the disease is accompanied by a fever 
lasting from ten to fourteen days; but Proust, who made a special study 
of the subject, has never observed any febrile action. The disease attacks 
about ten per cent, of the workmen, and they are very liable to a relapse. 
In fact, instead of being gradually acclimated to the poison, they become 
more and more susceptible after every attack. It is believed by the 
workmen that only blondes are affected, brunettes escaping entirely. 
This statement is ridiculed by Proust, who, however, says that the dis- 
ease attacks by preference lymphatic persons, and very rarely those who 
are thin and nervous. In a case observed by Potain, quoted by Proust, 
the eruption covered the face, but ceased abruptly on the forehead at a 
line exactly corresponding Avith the border of the cap. This would seem 
to indicate that, occasionally at least, the eruption is due to external irri- 
tation, and not to the introduction of the drug into the system through 
the lungs. I have had no opportunity of observing the affection myself, 
but I have received the following statement from Dr. J. F. Weightman, 
of Philadelphia, who has had ample opportunity for investigation in the 
chemical manufactory of Powers & Weightman: "1st. Only new loorJc- 
men are affected, the first symptoms appearing in about three months. 
21ie majority are only affected once, while others have two or three attacks. 
Some cannot become accustomed to it. It is exceedingly rare for any one 
to have it if working in the dry materials. The vapor from boiling solu- 
tions seems to be the chief cause. Some cannot work in cinchonia, 
though able to stand the other alkaloids. 2d. About 90 per cent, are 
more or less affected. 3d. Begins with intense itching of the skin on 
parts exposed, and sometimes extends to other parts. The itching is 
followed by an eruption, which finally develops into eczematous vesicles, 
which soon burst and form crusts. At this time the parts affected 
become very much swollen, although not invariably. The swelling is 
sometimes so great as to make the skin crack. If there is much swelling 
the fever is high. Light complexions are more easily affected than dark." 
There is a discrepancy, so marked as to be irreconcilable, between Dr. 
Weightman's statement that "the majority are only affected once," and 
Hirt's assertion that " one attack of the disease increases the predisposi- 
tion to it, so that older workmen suffer from it much oftener and more 
severely than the young." On most other points all observers are agreed, 
and it will be noticed that Weightman testifies to the occurrence of fever, 
which Proust doubts. On the question whether the quinine is eliminated 
from the system through the skin, and in this way gives rise to the erup- 
tion, the evidence is still very conflicting. The disease rapidly disappears 
when work is stopped, and as it only attacks certain persons, and them 
only once, it would be useless to take precautions against it, or, takino- 
the other view, as it seems to be clearly due to an idiosyncrasy, which 
increases in susceptibility on continued exposure, persons who are un- 
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usually liable to it should not follow the trade that necessitates such ex- 
posure. 

In the manufacture of potassium hicJiromate, vapors are disengaged 
which have a very peculiar effect upon the nasal mucous membrane of the 
workmen. A catarrh comes on, with great pricking and sneezing, and 
the caustic properties of the bichromate having destroyed the superficial 
portion of the membrane, some of it is brought away with every sneeze. 
This process, after a short time, results in actual perforation of the nasal 
septum, without, however, any loss of smell and without pain — often, in- 
deed, without the knowledge of the patient. The ulcerated surfaces heal 
rapidly when the cause of irritation is removed, but the disease recurs on 
exposure. Its course is sometimes astonishingly rapid. Hirt saw in 
Glasgow a thirteen-year old boy, who had worked in the shop only twelve 
days, and already had his septum perforated. Persons who are in the habit 
of using tobacco, and particularly snuff, are said to be exempt from the 
disease. 

Wherever the skin is abraded, ulcers form, which spread rapidly, eat- 
ing even into the muscular tissue, and are very slow to heal. The best 
treatment for them, according to Parkes, is washing the skin with sub- 
acetate of lead. 

This pecidiar action of potassium bichromate begins at that point in 
the manufacture when the neutral chromate is boiled with sulphuric acid 
to form the bichromate. It is therefore still an open question whether 
the effects produced are due to free chromic acid in the vapors evolved, 
or to the bichromate in the form of vapor, or in solution, or in powder 
suspended in the air. 

Workmen who are exposed to these fumes should have all abrasions of 
the skin carefully protected, and as the mucous membrane of the mouth 
is not usually affected, it suffices to keep a respirator over the nose, either 
a wire one containing a piece of wet sponge, or a simple piece of wet 
muslin. 

b. Occupations that expose persons to the inhalation of poisonous 
vapors and gases. 

The occupations considered under this heading are those in which the 
workmen inhale more or less of carhuretted and sulphuretted hydrogen, 
mercurial, zinc, arsenical, and j^f^osphorous fumes, carbon bisulphide, 
aniline, turpentine, and benzine. 

These substances are introduced into the body in other ways than by 
inhalation. Where the poisonous stuff is handled by the workmen, it 
may be absorbed through the skin, and the metallic poisons are un- 
doubtedly often swallowed with the food or saliva, or may possibly be 
taken up from abraded surfaces. A peculiarity of these poisonous vapors 
is that, while they almost all have a decidedly disagreeable odor— some of 
them, in fact, an extremely disgusting one— they are not irritating, and, as 
far as any local effect on the lungs is concerned, may be breathed with 
impunitv. 

Vol.. II.— 2 
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Gasme7i arc liable to inhale earburetted and sulphuretted hydrogen, 
when there is a leak in the apparatus. In a concentrated form these 
gases are very poisonous, but it is rare for workmen in gas-works to be at 
ail injured by them. According to Petersen (Copenhagen) among the work- 
men in the purifying-rooms, where sulphuretted hydrogen exists in such 
quantity as to render the atmosphere almost intolerable, bronchitis is un- 
known. It is a common belief among the people that the air of gas-works 
is beneficial in cases of whooping-cough, and the workmen have been said 
to be remarkably exempt from attacks of epidemic disease. There is no 
statistical proof of either of these statements, and, on the contrary, Hirt 
states that when the cholera visited Breslau, in 1866, many of the work- 
men employed in gas-works had it. 

These workmen are exposed to sudden variations of temperature in 
attending the retorts, and are very subject to rheumatism, which most 
frequently takes the form of sciatica. The profuse sweating caused by 
the high temperature brings out eruptions of the skin, generally of a pap- 
ulo-pustular character, resembling the varioloform acne of Bazin (Layet). 
As much of the luting is done with lead, cases of poisoning by this metal 
are occasionally found among them. 

Gilding used to be one of the most dangerous of trades, but the con- 
dition of the workmen has of late been much bettered. Most of the gild- 
ing in this country is done by electricity, but, as the gold by this means 
IS deposited in a crystallized form, it is liable to crack off, and the metal 
beneath becoming oxidized, the rest is loosened and falls away in patches, 
so that the operation has to be repeated. For this reason, the old method 
of fire-gilding is still largely adhered to in Europe. In this operation a 
gold amalgam is formed and spread over the surface to be gilded, and the 
mercury driven off by heat, leaving a firm, even, close covering of gold, 
which is exceedingly durable and only disappears by actual attrition. The 
work was formerly performed in open vessels, and no attempt being made 
to confine the mercurial fumes, cases of poisoning were common. Now, 
however, the dangerous steps of the operation are conducted in closed 
boxes, with hardly any risk to the artisan. 

Mirror -maker 8 are also liable to mercurial poisoning. Both men and 
women are employed at this work, and they spread the mercury with a 
flannel rubber over the sheets of tin-foil already laid upon the glass. The 
inhalation of mercurial vapors can hardly be avoided under these circum- 
stances, when it is considered that this metal is volatilized to some extent» 
at a temperature considerably below that of the human body. The vapors 
are heavy, and Pappenheim found that in 144 hours they only rose to a 
height of 37 centimetres from a vessel placed on the floor. In a workroom, 
however, where the constant motions of the artisans cause conflicting cur- 
rents and eddies in the atmosphere, the vapors are quickly disseminated 
through the room. 

The workmen who have been for some time engaged at the trade al- 
most all show the mercurial cachexia. They suffer frequently from deep 
ulcers of the buccal and nasal mucous membrane, swelling of the tonsils 



HYGIENE OF OCCUPATION. 



19 



and cervical glands, periostoses of the tibia, rarely of the femur and skull, 
with violent osteocopic pains. Sometimes the back, breast, and hairy 
scalp are the seat of macular, papular, or squamous eruptions. They are 
especially liable to phthisis. Kussmaul's investigations showed that of 
oG persons who died in Eriangen, and had been poisoned with mercury, 
71 per cent, died of phthisis, while of the total deaths in the same place 
only 22 per cent, were due to phthisis. 

Women are much more susceptible to the influence of mercurial vapors I 
than men, and those who are poisoned abort frequently, and even the 
children that are born to them are apt to be weak, sickly things, and die 
early. 

Many methods have been proposed of preventing the evil results above 
described. Crookes has claimed that the addition of one-half of one per 
cent, of sodium prevents the evaporation of the mercury, without injuring 
the amalgam. Hirt proposes to expose sulphur in the workrooms to convert 
the mercurial vapors into cinnabar. Iodine has been suggested with a 
view of forming the iodide of mercury. The best results, however, have , 
been attained in the mirror-works at Saint Gobain by the adoption of 
Meyer's suggestion, viz., to sprinkle the floors of the workrooms with am- 
monia. He says, in a report read before the French Academy of Sciences, 
that " it is sufficient to sprinkle every evening, after work is over, half a 
litre of commercial aqua ammonia on the floor of the workroom. The 
penetrating odor of the gas renders the air of the room less suffocating 
and less oppressive to the workmen. Since 18G8 I have not seen a single 
new hand affected by mercurial poisoning, while previously the influence 
of the poison was felt by men who had worked at the trade less than six 
months. As for the older workmen, who had been affected with mercurial 
tremor before, the attacks, in spite of their continuance at their work, 
have become less frequent and less grave. It is better to sprinkle the 
ammonia in the shop in the evening than in the morning: the preservative 
action is greater, the free ammoniacal gas spreads more uniformly through 
the rooms during the interruption of labor." 

In these same works it has for some time been the practice for the 
workmen to shorten the hours of labor, working only from six o'clock till 
noon, and only on two or three days a week. The windows of the shops 
are kept wide open, and the flannel rubbers are attached to the end of 
sticks 1 metre 20 centimetres long. 

AVorkmen should be obliged to keep themselves scrupulously clean, 
and should not be allowed to eat their meals in the shop, or with dirty 
hands. , 

The only radical relief, however, is to be obtained by giving up mercury 
altogether in the manufacture of mirrors. The coating of the backs of 
mirrors with silver has been proved to be practicable, and this method is 
now adopted to a large extent. When it has become universal, the occu- 
pation of the mirror-maker will be added to the already long list of trades 
that have ceased to be dangerous. 

/Jr(/fi{i-/ounders are liable to a peculiar disease called " brass-founder's 
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ague." It has been generally attributed to the fumes of zinc, but Hirt 
considers it to be produced by the mingled fumes of zinc and copper, be- 
cause it occurs seldom, if ever, in workmen who are exposed to zinc fumes 
alone, e. {/., zinc-smelters. Attention was first called to it by Blandet in 
1845, and it was first seen by Greenhow in 1858. Two cases have been 
observed by Hirt, who describes the symptoms as follows: Some hours 
after inhaling the metallic fumes, a peculiar feeling of discomfort per- 
vades the system, a feeling of weakness and exhaustion, so that the pa- 
tient has to stop work. Muscular pains are felt in the upper limbs some- 
times, but more often in the lower, and they may be excessive. The 
pulse is quiet and the respiration is not quickened. Soon after the sick 
man has taken to his bed, a chill comes on and lasts from fifteen to twenty 
minutes. The pulse is rapid, rising perhaps in an hour to 100 or 120. 
With all this there is a distressing cough, with soreness of the chest; 
also frontal headache, often so severe as to be almost ■ intolerable. The 
attack culminates in from three to six hours. A profuse perspiration 
breaks out, the symptoms decrease in severity, and the patient falls into 
a deep sleep which lasts several hours; the pulse becomes normal, the 
cough disappears, and only slight headache and debility remain for a 
short time afterward. The prognosis is always favorable, and recovery 
is complete in from twenty-four to forty-eight hours. The disease often 
recurs in the same person, and there seems to be no way of preventing 
it, although experienced founders on melting-days drink great quantities 
of milk as a prophylactic. 

Match-makers inhale the emanations of phosphorus. This substance 
is formed into a paste with chlorate or nitrate of potash, and the ends of 
the matches dipped into the mixture. Besides the danger of explosion 
connected with this manufacture, the workmen are poisoned by the fumes 
of the phosphorus. The employes in such factories are largely women 
and children, and the poisoning generally assumes a chronic form. Almost 
all of them suffer from loss of appetite, and are pale and badly nourished. 
Gastric catarrh is very common. Lung diseases are not rare among 
them, and generally are of a catarrhal nature, though phthisis is not un- 
common. There is a certain degree of acclimatization in those who work 
long at the trade, and phthisis occurs oftenest among the beginners. Manv 
of the women complain of severe muscular pains in the arms and wrists, 
especially the right one. It has been asserted that pregnant women were 
apt to abort, but evidence is lacking to substantiate this point. Tardieu 
met one manufacturer who was very positive in the statement that the 
fumes of phosphorus dulled the minds of workmen, and took away their 
energy and heart for labor. Layet makes a similar assertion. 

The chief characteristic disease of workers in phosphorus, however, is 
necrosis of the jaws. The disease generally comes on four or five years 
after the person begins work, and in eleven or twelve out of every hundred 
who are exposed to the fumes. The first symptom is usually toothache; 
this is followed by pains in the jaw, swelling and tenderness of the 
gums, enlarged glands, etc. An abscess forms, which discharges very 
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fetid pus, and on the subsidence of the more acute symptoms the bone 
is found to be necrosed. The disease is always chronic in the upper jaw, 
but in the lower it is sometimes acute and attended with a high fever. 
The lower jaw is more frequently attacked than the upper in the ratio of 
five to three (Hirt). Operations for the removal of the dead bone are 
generally very successful in their results. Billroth, out of twenty-three 
cases, cured twenty, and the remarkable case operated on by Dr. James 
K. Wood is familiar to every American physician. Of neglected cases, 
from 35 to 38 per cent. die. 

The cause of this necrosis has been a subject of discussion since 
Lorinser, of Vienna, first called attention to it in 1845, and has not yet 
been satisfactorily determined. It was at first supposed that only those 
operatives who had decayed teeth suffered, and that the noxious vapor 
found its way to the interior of the tooth, and thence to the jaw, or that 
in some cases it reached the bone through the cavity left by the extrac- 
tion of a tooth, but several observers (Strohl, Blandin, Gubler and Lailler, 
J. B. Harrison) have recorded cases of necrosis in persons whose teeth 
were perfectly sound. It is, however, undoubtedly the rule that the dis- 
ease occurs in persons with carious teeth. It is probable that the active 
agent is phosphorus in substance, and not oxidized in the form of phos- 
phoric acid, as, if the latter were the case, the teeth would be rendered 
friable and translucent, which they are not. That the emanations consist 
of the uncombined phosphorus is also probable from the fact that the 
workmen, after leaving the shop in the evening, have for a little while a 
phosphorescent breath. 

The careful and extended experiments of Wegner seem to show that 
the disease begins as a periostitis, probably due to a local irritation, and 
ending in the death of the bone. 

The disease is much less common now than it was twenty years ago, 
and its diminished frequency must be attributed to the greater attention 
given to the hygiene of the workshop and to the use of amorphous phos- 
phorus in the manufacture of matches, instead of the white form. 

Of all the means which have been recommended and tried to better 
the condition of match-makers, the following are the most approved: 

The shops should be spacious and well ventilated. As the phosphorus 
vapors sink, there should be special means of artificial ventilation by 
which they can be drawn from below and forced into a lofty chimney. 
Since Letheby's announcement that one four-thousandth part of turpen- 
tine vapor in the atmosphere would prevent the evolution of phosphorus 
fumes at ordinary temperatures and pressure, vessels containing this fluid 
are placed upon the floors of the workrooms, with very good results. The 
English workmen also wear suspended from their necks small tin boxes 
containing turpentine, so that their noses and mouths are in a measure 
protected by its vapors. Children should not be allowed in the business, 
and the teeth of the employes should be examined, and all who have im- 
perfect ones rejected. Astringent mouth-washes may be used with ad- 
vantage. 
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The chief measure to be adopted, liowever, is tlie substitution of red 
or amorphous phosphorus for the wliite. This form of the substance does 
not give off vapors, and is not poisonous, even when taken internally, so 
that if its use were general, one of the cheaper ways of committing suicide 
would be done away with. The red phosphorus requires a little more 
care and skill for the production of matches of good quality, and so is not 
quite as advantageous, commercially, as the white form; but it should, 
nevertheless, be forced into general adoption by legal enactment, if the 
end cannot be attained in any other way. 

In india rubber works certain of the workmen are exposed to the 
vapor of carbon bisulphide, which is used as a solvent for the gum. What 
is called cold vulcanization is performed by putting the rubber in a mix- 
ture of carbon bisulphide and sulphur chloride, and then exposing it in a 
warm chamber until the former is evaporated. Most of what is known on 
this subject is due to the labors of Delpech, who first called attention to 
the serious disorders sometimes found in workmen who worked in rubber 
factories, and by experiments proved that they were caused by the inhala- 
tion of carbon bisulphide. 

In the large and spacious factories there is little trouble from this 
source — at the most, only headaches, slight occasional vertigo, anorexia, 
occasional vomiting, and drowsiness. These symptoms disappear when 
the sick person regains the external air. But graver symptoms present 
themselves in those who work in small, badly ventilated shops, or at home, 
and the poisoning seems to be particularly frequent in men who make toy- 
balloons. The attacks may be acute after a few hours of exposure, and 
attended with violent cephalalgia, visual disturbances, noises in the ears, 
vertigo, and general debility; or, more commonly, they come on after 
several months or even years of constant work. At first there are severe 
headaches, often worse toward evening, soon followed by pains in the 
limbs, especially the lower ones, and formication or itching at various 
spots on the body. With this hyper.iesthesia comes on an increased in- 
tellectual activity, evinced by talkativeness, pleasure in different — often 
very adventuresome — plans, and sometimes there is actual mental disease. 
There is some cough, often distressing, with a feeling of oppression in the 
chest, and a quickened action of the heart. The urine sometimes smells 
of carbon bisulphide. The sexual appetite is increased in both sexes, and 
in women the menses are apt to be irregular. This stage of the disorder 
lasts for weeks, or even months, and is followed gradually by a deep 
despair and melancholy, dulness, loss of memory, and local anaesthesias. 
The hands and fingers are so numb that fine work is impossible. The 
sight is affected, there being a sensation as of a mist before the eyes, and, 
according to Bergeron and Levi, the cornea is sometimes so insensible that 
a feather can be drawn across it without causing a wink. The sense of 
hearing is impaired, and the sexual ability diminishes, and finally is 
abolished. Death has never been observed in these cases. The sufferers 
generally give up their occupation, and then a partial or complete restora- 
tion to health follows. 
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The general resemblance between these symptoms and those produced 
by other ansesthetics is too marked to escape notice. There are differ- 
ences of detail, but the broad lines of the description apply to cases of 
chronic chloroform-poisoning. 

As the vapor of carbon bisulphide is very much heavier than air, hav- 
ing a specific gravity of 1.27, the evil results of its inhalation may be 
prevented by having the work with this agent done in a room with a 
perforated floor, and, if necessary, the downward current of the vapor 
may be hastened by a fan communicating with a chimney. In large 
factories, where the rooms are spacious and lofty, and the vessels in use 
are tight, no precautions against poisoning are necessary. 

The smelters who are the most exposed to poisonous fumes are those 
who roast ores containing mercury and arsenic. Both of these metals are 
volatilized in the process, and conveyed to condensing chambers, whence 
tliey are removed after cooling. The workers in mercury have sometimes 
the acute form of poisoning, with a violent stomatitis, but more frequently 
the disorder is chronic. The gums are somewhat tumefied, and the teeth 
gradually drop out, one after another, till one sees, as at Almaden and 
Idria, young men of twenty or thirty witli wizened faces, toothless gums, 
and a horrible breath (Layet). They are often affected with nervous dis- 
orders, as insomnia, tremor, acute darting pains in the limbs, muscular 
spasm, paralysis of the extensors, and intellectual feebleness. 

The smelters of (irsenic ores very rarely suffer from acute poisoning, 
and even chronic poisoning is not common in well-kept establishments. 
When it does occur, there is occasional vomiting and diarrhoea, and ob- 
stinate nasal catarrh, with rheumatic pains, vertigo, an earthy discolora- 
tion of the skin, and general debility, with emaciation. The most char- 
acteristic effects are exhibited in the skin, which is the seat of papular, 
vesicular, or pustular eruptions, the latter often terminating in ulcera- 
tions, which present very much the appearance of syphilitic sores, leave 
indelible cicatrices, and sometimes ineffaceable brownish stains behind 
them. 

These bad results are only to be avoided by the use of carefully con- 
structed furnaces and chambers, and thorough ventilation, with the use 
of respirators by the workmen in the most dangerous parts of their duty. 
Tliey should keep their bodies clean, and never eat their meals within the 
possible range of the poisonous vapors. The use of astringent mouth- 
washes has been recommended for workers in mercury, and the laborers 
in the mines of Idria are said to consider tobacco-chewing a valuable pre- 
caution against the absorption of the metal. 

The manufacturers of aniline and of aniline colors are liable to be 
poisoned by the vapors evolved from this substance. Aniline is an alka- 
loid of artificial origin, and is obtained by mingling in a retort nitro- 
benzine, acetic acid, and iron-filings. It is a colorless liquid, with an agree- 
able vinous odor, and a pungent taste. When it is subjected to the ac- 
tion of arsenic, bichlorid of tin, potassium bichromate, etc., the most 
beautiful and brilliant dyes are produced, mostly of a reddish hue. Such 
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are most of the handsome silk dyes of recent discovery, magent;i, sol- 
ferino, fuchsin, etc. 

Some of the symptoms which were at first attributed to aniline are 
due to the inhalation of arsenic and other noxious substances. Those 
who make fuchsin, which is produced by the reaction between aniline and 
arsenic acid, exhibit the peculiar arsenical cutaneous eruptions. But 
besides these symptoms due to other causes, there are some produced by 
the aniline itself. The Avorkmen are at first seized with severe orbital 
cephalalgia, nausea, and vomiting. Some are obliged to abandon their 
work immediately, but in others the symptoms disappear after a week or 
two, never to come on again, excepting after over-work, or in the heat of 
summer. Vertigo is frequent, but is relieved by fresh air. Sometimes, 
however, it is followed by loss of consciousness, and dulness of mind on 
recovery. Others become semi-comatose, like a man who is dead-drunk, 
and mutter incoherently. In an hour or so they recover, but have an 
irresistible desire to sleep. Occasionally genuine epileptiform convulsions 
are observed. In the long run all these workmen have chloro-anaemia, 
with diminution of the number of red corpuscles and augmentation of 
the white. Gastro-intestinal disorders are frequent, Avith habitual con- 
stipation. Many are made impotent 

According to Hirt, this substance in poisonous doses paralyzes the 
sympathetic nervous centres. 

The shops where this manufacture is carried on should be roomy, and 
artificial ventilation be resorted to for the removal of the noxious vapors. 
The workmen should wear a piece of muslin or sponge over the mouth, 
wet with a weak alkaline solution. Those who suffer much, or in whom 
the attacks are renewed, should change their occupation. 

Photographers, Avho use collodion in the preparation of their plates, 
inhale ether, in small quantity to be sure, but frequently, and often in a 
confined atmosphere. A certain number of them suffer in consequence 
from vertigo, and even trembling of the limbs. 

The habit of holding the plates between the thumb and index finger 
produces some thickening and discoloration of the epidermis of the last 
phalanges, and, especially on the left hand, sometimes causes a certain 
degree of cutaneous insensitiveness, with dulness of the muscular sense. 
The hands are always spotted with nitrate of silver marks, and the prac- 
tice of rubbing them with potassium cyanide to remove these stains has 
been the cause of some quite serious accidents. The caustic action of the 
drug, together with the friction, may remove the epidermis, and then 
there is no hinderance to the absorption of the poison. 

The cleaners and scourers of cloth inhale the vapors of benzine and 
turpentine, which sometimes produce cephalalgia, lassitude, and other ner- 
vous disorders. To the vapors of benzine are also attributed a slight 
trembling of the limbs sometimes noticed, with formication and muscular 
numbness. Benzine, by dissolving out the fatty matters from the epider- 
mis renders the skin painfully dry and crisp. 
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c. Occupations tohich expose jyersons to the inhalation of offexsivk 
vapors and gases. 

These occupations all have to do with animal matters, and the offensive 
odors, being caused by the decomposition of those matters, are mostly due 
to the presence in the atmosphere of the offensive fatty acids, propionic, 
butyric, caprylic, caproic, etc., and sulphuretted hydrogen. Although the 
last named, at all events, is a virulent poison in a pure or nearly pure state, 
it is generally so much diluted as to be utterly innocuous. All of these 
offensive vapors and gases are so penetrating and powerful in their odor, 
and so extremely disagreeable, that a comparatively small quantity in the 
atmosphere of a room is sufficient to render it intolerable to one who is 
not accustomed to them. A first exposure excites in most persons merely 
a feeling of disgust, but in some who are delicately organized, nausea and 
vomiting may come on, followed by a dull headache lasting for a day or 
two. More serious symptoms than these are rarely if ever observed, ex- 
cepting in those exposed to sulphuretted hydrogen in concentrated form, 
under circumstances hereafter mentioned. Two or three visits to estab- 
lishments where these vapors are produced acclimatize even the most del- 
icate person rapidly, and a continued exposure to them generally results 
in an increased vigor and even in robust health for those who had always 
been sickly. 

Persons Avho suffer from chronic catarrhs and a disposition to lung 
troubles arc often greatly benefited by exposure in oil factories. The 
workmen suffer less often than the average from cholera, according to 
Hirt, and there is a smaller mortality among them when attacked. Tan- 
ners are also said to be peculiarly exempt from this disease. In 18G6, 
when the cholera visited Breslau, not a single case occurred among the 
tanners. The same fact was noticed by Parent-Duchatelet among the 
workmen at Montfaucon, near Paris, where night-soil was manufactured 
into poudrette. Hirt speaks of a laborer who for the first time regained 
perfect health in a sugar refinery, and Eulcnberg relates the case of a bone- 
boiler, who in previous years had been obliged to abandon his proper trade 
on account of tuberculous tendencies, and after eighteen years of bone- 
boiling looked healthy and robust. 

In short, it may be said of all the occupations under this heading that 
the workmen engaged in them are strong and healthy, and the duration of 
their lives is greater than the average. Tliere are certain accidents and 
disorders of a milder sort to which they are subject, however, and which 
ought to be mentioned here. 

Brewers are said to be sometimes dyspeptic and troubled with conges- 
tion of the liver, and Layet states that he has frequently observed among 
them irritation of the urinary passages, and especially of the bladder. 

In the germinating rooms and in the cellars where the beer ferments, 
as well as in the vats, vast quantities of carbonic acid are generated, and 
arc spread in a laver over the floor. Cases of asphyxia from exposure to 
this gas occasionally occur among tlie workmen. They may also be burned 
by falling into vats full of boiling liquids. 
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The accidents of a brewery may be avoided by care. 

Btitchers are generally florid in aspect and robust in person, but their 
occupation exposes them to cold and wet, and they suffer somewhat from 
rheumatism. Constipation is common among them, as with all persons 
who eat much animal food, and haemorrhoids are not rare. Diseases of 
the lungs are extremely uncommon. 

At the hospital of Saint Louis, in Paris, cutaneous eruptions have been 
frequently observed in butchers, especially acne sebacea, and they are 
said to be very liable to furuncles and anthrax. Those who skin calves 
frequently contract herpes circinnatus on their forearms. 

They are occasionally injured in a peculiar way. In cutting meat 
which hangs from a hook above the head, the knife may slip from the 
hand and inflict a serious wound. In Bellevue Hospital, in 1868, I saw 
a young man of nineteen, who in this way had severed the right femoral 
artery an inch below Poupart's ligament. A similar case was recorded four 
or five years later in the Medical Record, and I have within two years seen 
two others mentioned in the daily papers, so that such an accident is not 
to be looked upon as unique. All of these cases died. 

Fell-mongers who deal in sheepskins remove the wool before the pelts 
are sent to the tanner. The skins are soaked in milk of lime, being laid 
in vats, and frequently hauled and turned so that the lime can act 
thoroughly on every part. The men who handle the skins, and whose 
hands are continually subjected to the action of the lime, suffer consider- 
ably from its effects. The alkali removes the natural sebaceous secretion 
from the surface, and the fatty constituents of the epidermis, so that the 
superficial layers of the skin lose their elasticity and crack open. Fissures 
are formed at the flexures of the finger-joints, sometimes quite deep ones, 
and they are so painful and the edges are so rigid as to interfere with 
extension. It is rare for one of these workmen to be able to open his 
hand fully. These results may be prevented by the use of india-rubber 
gloves, but they are too expensive for general use. I would suggest the 
frequent dipping of the hands in oil, as a possible means of protecting 
them, or, in order to retain the oil in contact with the hands, the wearing 
of gloves of common stuff, soaked in oil. 

Tanners and leather-dressers are, as a rule, healthy men. Those who 
handle and turn the hides in the vats have sores and fissures on their 
hands, as before mentioned, and where a mixture of lime and orpiment is 
used, there may be the characteristic arsenical eruptions. In the manu- 
facture of patent-leather, preparations of lead are often used and may 
cause lead-poisoning. According to Hirt, fatal cases of poisoning by car- 
bonic acid have occurred, where men entered vats in which gas-lime had 
been used and had evolved a quantity of that gas. There is also a certain 
amount of danger from malignant pustule, especially for those who handle 
skins from oriental countries. 

Gut, trijye and head-cleaners are wet while at work, but do not seem 
to suffer in health thereby. Fat-renderers, lard-refiners, bone-boilers, glue- 
makers, fertilizer-makers, pork-packers, soap-makers, oil-pressers and 
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cheese-makers are exposed to offensive gases, but, so far from suffering in 
health on that account, appear to be actually benefited. 

Scaveuf/ers, including those men who clean out receiving-basins and 
sewers as well as those who empty privy-vaults, are exposed to the inhala- 
tion of highly offensive and very poisonous gases, viz., sulphuretted and 
carburetted hydrogen and carbonic acid. Besides these gases, the air of 
sewers, cesspools and privy- vaults contains more than a normal amount 
of nitrogen, a very much diminished proportion of oxygen, some hydrogen 
and ammonium sulphide. Notwithstanding the offensive nature of their 
occupation, scavengers are in general a healthy class of men, and the few 
cases of sickness and death which can be fairly traced to the prosecution 
of their trade are to be looked upon as accidents, and as rare ones at 
that. 

In cases where laborers are overcome by these mephitic gases, the 
symptoms are easily divided into two classes: those of asphyxia, due to a 
preponderance of carbonic acid, and those of blood-poisoning caused by 
sulphuretted hydrogen. In the former case the workman is suddenly 
prostrated on entering the vault, and is removed in a state of unconscious- 
ness, with blue lips, livid features, and occasionally slight convulsions. In 
poisoning by sulphuretted hydrogen, there is giddiness and faintness, with 
perhaps nausea and vomiting, sometimes followed by a low fever, at- 
tended with great depression of spirits, slow pulse, yellowness of the con- 
junctiva about the fifth day, and sleeplessness. This disease, called 
mephitic fever, lasts two or three weeks, and usually ends in recovery. 
As the gases are generally combined in sufficient quantity for each to 
produce its own effect, there is generally a complication of symptoms, in 
which, however, the essential features of asphyxia and of blood-poisoning 
can usually be distinguished from each other. 

According to Hirt, workmen who are exposed to an atmosphere con- 
taining sulphuretted hydrogen can protect themselves to some extent 
against its poisonous effect by drinking large quantities of milk. He 
says that such as do this regularly suffer less from poisoning than others. 

With the improved methods of emptying privy-vaults by pneumatic 
apparatus, the old dangers attending the work of the scavenger have 
nearly disappeared. 

Suffar-refiners are somewhat subject to bronchial and gastric catarrhs 
on account of the elevated temperature and the sudden variations of tem- 
perature to which they are exposed. They also suffer to some extent 
from eczematous and furuncular eruptions caused by the impurities in 
the sugar and molasses which they handle. 

J^^idlers clean the new cloth by dipping it in water containing fuller's 
earth or soda and decomposing urine. The offensive smell produces no 
bad result, but the hands of the workmen are affected by a skin disease. 
Small, numerous, crowded vesicles appear, itch dreadfully, are scratched 
and leave excoriations, which ulcerate. Every exposure increases the 
evil, the skin gradually loses its characteristics, there is even considerable 
loss of substance, the sense of touch is blunted, and there is a feeling of 
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numbness in the hands, with severe pains. No treatment arrests or heals 
the disease (Hirt). 

Hostlers, coio-hoys and do (/-fanciers are exposed to animal effluvia, 
but do not appear to suffer in health thereby. The chief dangers attached 
to these trades are those of being injured by ugly animals and of catching 
a contagious disease (glanders, farcy, hydrophobia). 

liay-pickers live under the most unsanitary conditions possible. They 
are exceedingly poor, and huddle together in small rooms, surrounded by 
filth, and generally keeping the offensive matters which they collect in the 
streets in the same room with themselves. Their bags are filled with 
rags, bits of dirty paper, broken glass and bottles, bones, scraps of meat, 
etc., and exhale an indescribably horrible odor. Ollivier (d' Angers) hav- 
ing been called to visit a rag-picker's den where were collected bones and 
scraps of every sort, was attacked some hours later with nausea, very 
fetid fluid evacuations, cold sweats, and syncope, genuine symptoms of 
sejjtic poisoning which gradually disappeared (Layet). Although I have 
never known so serious a result as the above, I have seen nausea produced 
by a visit to one of these rooms, in one who was not accustomed to such 
sights and smells. 

During the prevalence of epidemic diseases, rag-pickers are extremely 
liable to take them, especially cholera and typhoid fever. Their exposure 
in all kinds of weather also renders them subject to rheumatism and pneu- 
monia. 

The pressure of the bag in which they make their collections produces 
characteristic marks on the back and loins, according to Vernois, consist- 
ing of three serous bursje with thickening of the skin, forming as it were 
the three angles of an isosceles triangle apex downward; the lower angle 
corresponding with the upper part of the sacrum, and the other two situ- 
ated about two centimetres above the posterior superior spine of the 
ilium on either side. 

These people are so poor, so degraded, and so set in their way of 
life, that any attempt to improve their sanitary condition is almost hope- 
less. 

B. — Dust. 

There are many occupations in which enormous quantities of dust are 
evolved and float in the air of the workroom, so that the artisans inhale it 
with every breath. The dust which thus enters the lungs may act in 
either of two ways ; it may set up an irritation in the mucous membrane 
or parenchyma of the organs — in other words, produce a mere local effect, 
with constitutional symptoms perhaps as the ultimate result; or it may be 
taken up by the blood or lymphatics and produce acute or chronic poison- 
ing. In the latter event the local effect is often slight. Accordingly it 
is proper to treat separately of the inhalation of irritating and of poison- 
ous dust. 
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a. Occiqmtio7is that expose persons to the inhalation of irritatixg 
dust. 

No atmosphere is free from dust, unless it be on the summits of high 
mountains. Upon the common level, where living things must pass their 
existence, the air is full of impurities, organic and inorganic, and every 
animal draws millions of particles into his lungs with every inspiration. 
But although certain diseases are communicated in this manner, and many 
others perhaps produced whose origin is at present obscure, it is 
probable that the moisture which constantly covers the mucous sur- 
faces protects us against any ulterior injury from the inhalation of the 
amount of dust ordinarily found in the air. But when the confined atmos- 
phere of a room is artificially loaded with foreign particles, actual disease 
is frequently produced. The first effect of an abnormal quantity of dust 
in the inhaled air is cough, with increased mucous secretion and expecto- 
ration. This gradually develops into a chronic bronchial catarrh, which 
in time has its usual sequences of bronchiectasis and emphysema. This 
catarrh less often affects the trachea, and very rarely the larynx. Of the 
different kinds of dust, that of vegetable origin has the most irritating 
local effect, and is oftenest followed by catarrh ; next comes the metallic 
dust; then that of animal origin, while mineral dust is in this respect the 
least dangerous (Hirt). 

But dust not only irritates the respiratory surface, but actually pene- 
trates the substance of the lung and causes grave changes there. Exactly 
how this penetration is accomplished is still a matter of speculation, as 
the process can only be inferred from the results of observation and ex- 
periment, and the parts cannot be examined while it is going on. Dr. 
Knauff confined animals in a box into which the particles from a sooty 
lamp passed; the animals were well fed and healthy; the charcoal passed 
into the lungs, and was got rid of by expectoration in the form of pig- 
ment-cells. When Knauff inhaled particles of ultramarine for only 
ten minutes, and examined his sputa, he found cells with blue particles 
in their interior. In a cat, charcoal particles penetrated in three days 
from the lungs into the lymphatic glands and to the pleura. Dr. Green- 
how has also pointed out how easily small floating particles enter the air- 
cells and encroach on the alveoli, and pass into the interior of ciliated 
epithelium. Villaret confined rabbits in a smoky atmosphere, and proved 
the existence of fine particles of carbon in the bronchi (Parkes). , 

Sigerson found in the atmosphere of shops where metal was worked a 
black dust containing particles of iron in small, jagged pieces, and also as 
small spheres, one two-thousandth of an inch in diameter. The Germans, 
with their usual inquisitiveness, have tried to discover how these particles 
penetrate the tissues. Thus, Hirt says that not only sharp-cornered, hard, 
pointed molecules enter the lungs, but also roundish, blunt ones, which 
do not irritate. So that we must suppose the tissues are not pierced, but 
pressed apart (what is the difference?) to allow the passage of the dust, 
and then resume their natural relations. Rindfleisch, with regard to coal- 
dust, maintains that the particles cling to the alveolar walls, and gradu- 
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ally pass through, follow the stream of extra-vascular fluids, meeting on 
the way cells which are able to take them up into their substance, e. g., 
connective-tissue corpuscles, amaiboid wandering cells of the lung con- 
nective tissue, and all that are not thus taken up pass on to the roots of 
the lung and the bronchial glands (Hirt). 

But Avhatever the method by which the particles reach the interior of 
the cells and other tissues of the lungs, their presence is a constant source 
of irritation, and results in chronic inflammatory processes, which pro- 
duce induration of the lung, local abscesses and ulcerations, and phthisis, 
occasionally followed by true tuberculosis. The liability to this disease is 
greatest in those who work in a constrained attitude, with contracted 
chest and body bent forward, and who sit all day at their task. When 
frequent changes of posture and plenty of free muscular exercise are pos- 
sible, the tendency to phthisis is much diminished. 

That phthisis is much more common among dust-workers than among 
others belonging to the same social stratum has been proved by carefully 
compiled statistics. Thus, among the workmen in the Aller-heiligen Hos- 
pital, at Breslau, from 1859 to 18G9, and in the Julius Hospital, at Wiirz- 
burg, from 1859 to 18G5, there were 12,047 who worked at dusty occupa- 
tions, of whom 1,936, i. e., 15.3 per cent., had phthisis. Out of 1,110 who 
had not been exposed to the inhalation of dust, 153, i. e., 13.7 per cent., 
had phthisis. Hirt's own investigations in the above hospitals include 
1,076 deaths. Among these were 763 dust- workers, of whom 365, i. e., 
47.8 per. cent., died of phthisis, while in trades not involving an exposure 
to dust only 38.6 per cent., died of phthisis. 

In certain trades the proportion of phthisical cases is much greater 
than that just given above, where many occupations are doubtless in- 
cluded in the estimate, in which the dust produces hardly any appreciable 
effect. Among needle-polishers, for example, the proportion of cases of 
phthisis to the total number of sick reaches the astonishing figure of 69.6 
per cent., and among flint-workers the frightful ratio of 80 per cent. 
There is a great difference in the effect of different kinds of dust in this 
respect, as will be seen from the following table, taken from Hirt: 

PERCENTAGE OF CASES OF PHTHISIS IN TOTAL NUMBER OF SICK 
AMONG WORKMEN EXPOSED TO THE INHALATION OF DUST. 



Needle-polishers 69. 6 

File-cutters 62.2 

Lithographers 48. 5 

Sieve-makers 42.1 

Grinders 40.4 

Flint-workers 80. 

Grindstone-makers. . .40. 

Stonecutters 36. 4 

Plasterers 10. 



METALLIC. 



Compositors 36.9 

Watchmakers 36. 5 

Type-founders 34. 9 

Engravers 26.3 

Dyers 25. 

MINERAL. 

Porcelain-makers 16. 

Potters. 14.7 

Carpenters 14.4 



Vamishers 25. 

Painters 24.5 

Printers 21.6 

Beltmakers 19.7 

Tinkers 14,1 

Masons 12.9 

Diamond-cutters. ... 9. 
Cement-makers 8-10 
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Cigar-makers 36.9 

Weavers 25. 

Ropemakers 18. 9 



Brushmakers 49. 1 

Hair-workers 33. 1 

Upholsterers 35. 9 



Glass-cutters 35. 



Shoemakers 18.7 

Brewers 11.3 



VEGETABLE. 



Millers 10.9 

Bakers 7. 

ANIMAL. 

Fell-mongers 33.3 

Turners 16.3 

IXED. 

Glass-makers 1 7. 8 

NO DUST. 

Coopers 10.1 

Glovers 10. 



Chimney-sweeps 6.5 

Coal-miners. 0.8 

Hatters 15.5 

Button-makers 15. 

Day-laborers 15.1 

Tanners 9.3 

Butchers 7.9 



The form of phthisis caused by the continued inhalation of dust, 
although it resembles in its symptoms the disease known as phthisis pul- 
monalis, differs from it in two important particulars, viz., it is not hered- 
itary, and, if the dangerous occupation be abandoned, recovery often 
takes place, even when the disease is far advanced. Oldendorff mentions 
having seen among the grinders in the Diisseldorf district old men of 
sixty or seventy, who were perfectly sound, with the exception of slight 
shortness of breath, and who, thirty years or more before, had their lungs 
so seriously affected while prosecuting their trade as grinders, that they 
were given up as hopeless, and had only escaped certain death by quit- 
ting their occupation, 

Hirt is of the opinion that, besides catarrhal affections and phthisis, 
the inhalation of dust may also produce acute pneumonia. He does not 
furnish statistics to support this view, but gives the following singular 
case which came under his own observation. 

A. H., thirty-one years of age, cotton- weaver, of sound parentage, was healthy up 
to his twelfth year. In his thirteenth year he left school, and began to learu the 
weaver's trade in his father's small factory of three looms. Without previous catarrh 
or other warning, after four weeks' work, he was attacked with pneumonia on the 
left side. After recovering he returned to work, and in a few months had a second 
attack, and in his nineteenth year a third. During his three years of military service 
he remained well. On returning to work, after six weeks, he had a fourth attack, and 
in his twenty-ninth year a fifth. In October, 1808, Hirt attended him in his sixth 
attaclc, which this time invaded the right side, all the others having been on the left. 
He recovered perfectly, and was otherwise sound. There were no cotton-fibres dis- 
coverable in the expectoration. 

This case seems hardly enough to form a decided opinion from, and 
the disease is much more likely to have been due to some other cause 
than the inhalation of dust, for it is difficult to understand how a paren- 
chymatous inflammation could be produced without previous catarrh by a 
kind of dust that can only act as a mechanical irritant. 

Workmen who are exposed to an atmosphere containing alkaline dust, 
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as of lime and soda, are likely to have pterygium. In this connection T 
may state that Dr. R. C. Van Wyck, late of Denver, Colorado, informs 
me that this disease of the conjunctiva is very common in that locality 
where the air is often filled with dust fron the alkaline plains. 

Zenker has named and classified the diseases caused by the inhalation 
of dust under the general name of pnetojionoconiosis (ttvcv/awv, a lung, and 
Kons, d}(s£), as follows : AntJiracosis (avOpai, coal), due to coal-dust ; 
siderosis (o-iSt/pos, iron), due to metallic dust ; chalicosis {xP-^'-^, gravel or 
2)ebUes), due to mineral dust ; tabacosis, due to tobacco-dust, and hys- 
sinosis (/^vWos, cotton), due to cotton-fibre and dust. 

There are few occupations in which workmen are exposed to metallic 
dust alone. It is usually combined with other matters, and especially 
with silicious particles. The only metal which has been actually found in 
the lungs is iron, in the form of the sesquioxide (Zenker) or the magnetic 
oxide (Merkel). When these deposits occur in the lungs, induration and 
ulceration take place, and the patient dies of phthisis. 

Zenker's first case was that of a woman of 31, who died in the hospital 
at Nuremberg in 1864. She had worked for many years in a small, close 
room, applying a fine, dry, red powder (English red, ferric sesquioxide) 
to a transparent paper until it was thoroughly permeated. The lungs were 
of a vivid brick red, and presented the same appearance on section. Anal- 
ysis showed the presence of ferric oxide in great quantity (23 grammes in 
both lungs). The second case was altogether similar. Merkel's case is 
unique. It was that of a man who worked at cleaning the surface of iron 
that had become oxidized. He scrubbed it with sand, and necessarily in- 
haled much of it in the form of dust. His expectoration was grayish- 
black, and was found to contain small grains of the magnetic oxide of 
iron. The lungs were indurated, with cavities at the apices, and 100 
grammes of lung-tissue furnished 0.885 grammes of iron. 

Bronzers of wood, plaster, etc., sprinkle the bronze powder upon a sur- 
face previously covered with varnish or glue, and afterward polish it. In 
this operation they inhale dust to some extent, but not in a suflficient amount 
to cause more than slight catarrh. After the bronzing is done, the surface 
is colored by using a sulphide so as to produce a thin layer of the sulphide 
of copper. For black bronze, the sulphide of arsenic is used, and for 
green bronze, a mixture of ammoniacal salts with ai'senic or copper. These 
operations give rise to noxious vapors and occasional cases of arsenical 
poisoning. 

File-cutters work with hammer and cold chisel, holding the blank on 
the anvil by a strap passing under the feet, and putting sand or other dust 
on the anvil to keep the iron from slipping. They have to bend over their 
work, keep the eyes keenly fixed upon it, are exposed to metallic and 
mineral dust, and, in making coarse files, to great bodily exertion, their 
hammers often weighing as much as six pounds. Phthisis is very common 
among them. The work requires a very delicate touch and a constant 
variation of the force of the blow, because it is impossible to make all the 
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blanks of the same degree of hardness. For this reason the attempts 
which have been made to substitute machines for hand-labor have been so 
far without success. 

Grinders, yieedle-makers, pin-pointers, cutlers, etc., inhale a mixture \ 
of metallic and mineral dust, and these occupations are among the most 
perilous that can be followed. The various steel and iron implements are 
pressed upon grindstones revolving at the rate of 2,000 or 3,000 times a 
minute, and the operation often requires a considerable expenditure of 
physical strength and a very constrained position of the body. The dan- 
ger of the occupation varies with the amount of dust inhaled and the 
attitude of the workman. It reaches its height in the grinding of forks 
and needles, which must be done on dry stones, to avoid the possibility of 
rust. Razors, scissors, table-knives, etc., are ground at first on dry stones 
and then on wet ones, and the peril of the workmen is proportionately 
diminished. Finally, saws and all the coarser implements are ground on 
wet stones, and the danger from the inhalation of dust is at its minimum. 

The form of phthisis produced by the inhalation of metallic and sili- 
cious dust, called " grinder's asthma," is divided by the French writers into 
three stages: the first corresponding to the simple presence of the foreign 
bodies in the lungs, the second to the congestion and induration which 
follow, and the third to the formation of cavities. This reminds one of 
the former three stages of phthisis, a division also of French origin. The 
symptoms of these stages are so mingled, however, that there is really no 
practical advantage in separating them in sets with rigid lines of demar- 
cation. 

The disease comes on very gradually, like the more slowly developed 
forms of phthisis pulmonalis, and its duration may be extended over four 
or five years. It begins with the cough of irritation, dry and hacking at 
first, with very scanty expectoration, whitish and stringy in character; 
there is no htBmoptysis, but sometimes nausea and vomiting in the morning. 
Auscultation at this time reveals puerile respiration, with occasional slight 
rules. The expectoration gradually increases in amount and becomes red- 
dish, and soon after this tinge appears there may be hemoptysis. There 
is dyspn(x^a on slight exertion, and dulness over the whole chest, with weak 
respiration and mucous rales. There is no fever, and the aj^petite and 
strength are still good. If work is abandoned at this time, recovery is 
not only possible, but in most cases probable. If work is continued, the 
lung-tissue begins to break down, and cavities form near the apices. Ex- 
pectoration is very profuse, and there may be severe hemorrhages. There 
is general dulness on percussion, and the last traces of vesicular respiration 
give way to sibilant, large mucous and cavernous riiles. Fever is contin- 
uous, with evening exacerbations, night-sweats, emaciation, insomnia, and 
great dyspnoea, soon followed by death. 

The lungs of such patients, on section, are found to be studded with 
small, black knots, from the size of a pin's head to that of a pea. The 
ex^ct nature and composition of these bodies has not been determined 
(Hirt), but they are probably very similar to the concretions found in the 
Vol. II.— a 
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lungs of sandstone-workers and glass-cutters, which consist mainly of silica. 
The bodies in question, however, are likely to contain a considerable pro- 
joortion of iron, as the dust caused by the labor of grinders, according to 
Schiitte, is three parts iron to two parts stone. There are generally ad- 
hesions between the lungs and thorax, and cavities, sometimes of large 
size. The bronchial glands are enlarged and often degenerated. 

Grinders of steel are also liable to injury from flying particles of 
metal, which are intensely heated by friction and scatter in the form of 
spai-ks, producing occasionally severe burns of the cornea. 

Grindstones sometimes burst, when driven at a very high velocity, and 
the fragments crush everything in their path as they fly oif at a tangent. 
Every workman runs a certain amount of risk from this source. 

Those who work at wet grinding, while they are relieved from the 
danger of dust, are covered with the spatterings from the stone, consisting 
of mud and water, and so are kept constantly wet and cold. They are 
more liable than the others to rheumatism, pneumonia and bronchitis of 
an acute form, due to such exposure. 

The mortality among grinders is very great. Among needle-grinders 
in Derbyshire, according to Holland, the average age at death in twelve 
cases was only thirty years and eight months. According to Fox Favell, 
they die at or below their thirty-fifth year, and Dr. Schiitte gives the 
average age at death of nine as thirty-one years. 

Much ingenuity and labor have been spent in attempts to protect work- 
men from the dust caused by grinding. All of the methods adopted 
divide themselves naturally into three classes: those which aim to prevent 
the dust with which the air is filled from entering the respiratory pas- 
sages; those which aim to remove the dust from the room before it reaches 
the workmen; and those which aim to prevent the formation of dust. 

In the first class fall the various respirators, whose purpose is to admit 
the air, but keep out the dust. Many different varieties have been in- 
vented (Gosse's, Eulenberg's, Durwell's, Leffrey's, Tyndall's, Poirel's, 
Camus's, etc.). Some of them simply cover the mouth, others the mouth 
and nose, and others still the whole face, like a mask. The filtering sub- 
stance may be a thin layer of sponge, muslin, wadding, felt, or linen, kept 
in position by a framework of wire-gauze, and may be either wet or dry. 
Respirators have never been popular with artisans, and have fallen largely 
into disuse, as they are hot, and moreover, interfere to some extent with 
respiration. 

The third class mentioned above includes the substitution of wet 
grinding for dry. This cannot be done in all kinds of work, and the 
really practical methods of protecting the workmen fall under the second 
class. 

It was at first thought that if the stone were surrounded by a wooden 
covering, leaving an opening barely sufficient for the use of the workman, 
and this wooden box were connected by a shaft with the external air, the 
particles of stone and metal would be carried out by the draught, but 
although something was accomplished in this way, success was far from 
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being attained. A great advance was made in the use of the mechanical 
fan. A single fan may withdraw the dust from several stones, the sepa- 
rate shafts from the boxing around the stones uniting to form one. The 
opening before which the workman sits should be as small as possible, for 
the smaller it is the more rapid will be the inward current of air, and 
the more perfect the protection afforded. The opening of the shaft by 
which the dust is drawn away should not be at the top of the stone, but 
near the bottom, for otherwise some of the heavier particles falling to 
the bottom of the box might in time be carried up again by the current 
created by the whirling stone, and as they came opposite the workman's 
opening might escape into the outer air. By placing the exit shaft at 
the bottom this mischance is rendered impossible. Hirt gives the follow- 
ing estimate of the work that can be accomplished by one of these fans: 
a fan-ventilator, with blades of 0.78 m. diameter, and of a breadth par- 
allel to the axle of 0.40 m., with a central opening of 0.28 m., making 
from 900 to 1,000 revolutions a minute and requiring an engine of 8 or 10 
horse-power, will draw off the dust from 14 grindstones. 

Those who do wet grinding should wear waterproof clothing on the 
parts exposed to the spattering of the stone. Those who do fine work, 
and whose eyes are therefore exposed to injury, should cover those organs 
either with plane glasses or spectacles of fine wire-gauze. 

The bursting of stones may be due to an original flaw, but has been 
more frequently attributed to the swelling of the wooden wedges by which 
the axle is retained in position. The latter cause is more likely to act, of 
course, in stones that are used for wet grinding. Grindstones should there- 
fore be carefully selected and tested before mounting, and should be set 
up on iron axles fastened with molten brimstone. In some factories they 
are surroiinded with strong iron framework, which would offer so much 
obstruction in case of rupture as to materially diminish the damage done. 

Needles and pins are now largely made by machinery, and so the most 
dangerous of all the grinding trades is becoming almost innocuous. 

Tlie inhalation of mineral dust produces symptoms and lesions like 
those just described, viz., the ordinary symptoms of pulmonary phthisis, 
and induration of the lung with cavities and numerous nodules, varying 
in color from light gray to deep black, with generally a bright, whitish 
nucleus. The explanations of the nature of these deposits have been 
various and conflicting. Rokitansky looked upon them as incapsulated 
tubercle, Forster considered them pigmented thickening of the intersti- 
tial connective tissue, Virchow transversely cut bronchioles with thick- 
ened adventitia, and Rindfleisch modified tubercle (Hirt). Chemical anal- 
ysis, however, shows that they are undoubtedly accumulations of mineral 
dust. Malapert (of Poitiers) found the darker ones to consist mainly of 
silica, with a little phosphate of lime and iron, while the grayish white 
ones were made up wholly of silica. Meinel also demonstrated that such 
lungs contain an immense and disproportionate amount of silicic acid. 
Thus he found that 30.71 of the ashes of lung-tissue, and 41.08 of the 
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bronchial glands was silica and sand, while, according to Kussmaul, the 
normal lung contains from 4.32 to 17.3 of this substance. 

The workmen who make Portland cement are greatly troubled by the 
dust caused by shovelling the mass into sacks, after it has been burned 
and ground. They have a persistent cough, and expectorate little lumj^s 
of cement. They find it impossible to continue this part of their labor 
day after day, and are obliged to take intervals of rest. 

Stonecutters work with hammer and chisel, and not only inhale consid- 
erable dust, but are liable to injury from the flying chips and occasional 
sparks from the chisel. Lesions of the cornea are not uncommon among 
them. The inhalation of dust produces in them frequently the form of 
phthisis already described. According to Allison, the sandstone-cutters 
near Edinburgh rarely attain the age of fifty, and almost all die of con- 
sumption. It is the common observation of all writers that the cutters 
of millstones are more affected by their work than any others, of this 
class. Peacock gives the mean duration of their work at this trade as 
nine years. Many of them are obliged to give it up earlier. 

In the manufacture oi pottery and 2)orcelain the workmen are ex2:)osed 
to several sources of injury. The sifting and mixing of the earth used in 
the trade, and the grinding away the unevenness on articles already baked, 
cause a great deal of dust. The flat-pressers, who force the clay into 
moulds with a great expenditure of muscular strength, are especially 
affected. So common is emphysema among them, that it is called the 
" potter's asthma " (Parkes), To the china-scourers the light flint dust is a 
terrible irritant. Dr, Greenhow states that all sooner or later become 
asthmatical. The female operatives are pallid and chlorotic, and their in- 
fants are almost all scrofulous, with an enormous mortality. At Stoke- 
upon-Trent, in the Staffordshire pottery district, in 1864, the deaths from 
respiratory diseases were 9.10 per 1,000 of the population, while among 
the potters taken separately they were 13.5 per 1,000, a difference of 50 
Y^er cent. 

The burners are exposed to a temperature of about 104°, and suffer 
somewhat from sudden changes, which produce acute pulmonary affections, 
rheumatism, and gastro-intestinal disorders. 

The enamels used on the different kinds of porcelain contain lead, and 
there are occasional instances of saturnine poisoning among the operatives 
in this branch of the business. 

The mixers of the clay are said to be very subject to muscular and artic- 
ular pains, and to synovitis of the sheaths of the tendons of the fingers. 

Lime- and 2^ittster-hurners, and the workmen in plaster-milU are ex- 
posed to dust, but do not seem to suffer in health for that reason. 

In the manufacture of glass, the workmen who grind and powder the 
silicious material inhale great quantities of very irritating dust, and 
suffer from constant hacking cough and conjunctivitis. It is rare to find 
a sound man among them, and they are not able to continue long at the 
work. According to Hirt, they should not be allowed to labor, at a 
stretch, more than two or three weeks, and should then work at some- 
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thing else, or, at any rate, give up this occupation for at least double the 
working time. In this way, by the use of relays, the health of the men 
may be sustained. 

But the most dangerous work is that of the grinders and polishers of 
cut-glass. About 35 per cent, of them have chronic pneumonia (phthisis), 
and their average age at death is variously given at from 30 to 42 years. 
Putegnat (de Luneville) has described a peculiar form of gingivitis which 
he has observed among glass-cutters, and which, he says, attacks Do out of 
every 100 workmen. It comes on in about three months after the 
person begins work, and toward the sixth month is well developed. It 
attacks by preference the upper jaw, and is accompanied by the same blue 
line that is found in cases of lead-poisoning. The acid secretion of the 
gums destroys the enamel of the teeth, which soon become pointed, brittle, 
and break off close to the alveoli, leaving a permanent stump. The gums 
remain soft and spongy, and the breath is very fetid. At no time is there 
any pain or hemorrhage. He supposes it to be caused by malnutrition, 
bad air, etc. (Tardieu). These symptoms certainly appear suspiciously 
like those of lead-poisoning, and the suspicion is rendered stronger by the 
fact that French flint-glass contains about 20 per cent, of lead, and that 
other symptoms of lead-poisoning are not uncommon in glass-cutters, as 
colic, constipation, muscular pains, etc. Garrod has noticed the fre- 
quency of gout among them, and brings it forward to support his theory 
of a connection between that disease arid saturnine poisoning. 

The grinding or etching of glass by the sand-blast fills the rooms with 
a dust composed of particles of sand and glass mingled. The business is 
a comparatively new one, and the workmen so far do not appear to be in- 
jured by it, with the exception of a slight tickling cough when they first 
begin work. The dust is rather coarse and heavy, and I am inclined to 
think it does not penetrate very far into the lungs, perhaps even not get- 
ting beyond the trachea, whence it is easily expectorated. 

In diamond-cutting the amount of dust created is small, and yet the 
occupation is a very injurious one. The " setter " prepares the diamond 
for the cutter by soldering it on the end of a copper rod with an alloy of 
4 parts lead to 1 of tin. He does this with a charcoal fire, and is exposed 
to great heat, as well as to poisonous gases. The setters suffer from 
headache, tinnitus aurium, impaired digestion, and irregularity of the 
bowels. In Coster's factory, at Amsterdam, 73 pV per cent, of them were 
pale and emaciated, 57 per cent, had palpitation, giddiness, praecordial 
distress, 5G chronic headache, 3G asthma, etc. The use of the solder pro- 
duces lead-poisoning. Out of 90 examined, 30 showed traces of poison- 
ing. In general they are all sick men, and suffer from lung troubles. Nine 
per cent, had phthisis. 

The cutters or polishers grind the gems on iron wheels covered with 
diamond-dust and oil. The dust inhaled by them, though small in quan- 
tity, is enough to cause frequent chronic lung troubles. In Coster's fac- 
tory, 52 per cent, of them were thin and pale, 40 per cent, asthmatic, 33.75 
suffered from headaches, etc. 
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Lithogrcqyhers inhale some stone-dust while at work, because their face 
is so near the object on which they are engaged. The slight irritation thus 
caused would not of itself probably produce disease, but the sedentary 
life and the constrained attitude, with the shoulders drawn forward, the 
chest contracted, and frequently the movements of the sternum during 
respiration seriously interfered with, shorten the life of the lithographer 
by several years. Many of them die of phthisis, and nearly all suffer some- 
what from chronic bronchitis. 

The workmen who inhale vegetable dust do not as a rule suffer in con- 
sequence. The dust of wood, in particular, is so harmless that it seems 
more appropriate to speak of cabinet-makers and carpenters under another 
heading, as their attitude while at work has more to do in bringing on 
disease than the atmosphere they breathe. The dust of the hard woods, 
as mahogany, rosewood, etc., may cause slight irritation of the larynx and 
trachea, and a tendency to bronchial catarrh. There are, however, some 
forms of vegetable dust which produce considerable irritation, either by 
reason of their composition, as tobacco, or their shape and size, as cotton, 
flax, or hemp, or their rigidity and insolubility, as charcoal. 

Chimney-sweeps were formerly quite subject to an epithelioma of the 
scrotum, called chimney-sweep's cancer. The exact cause of this affection 
has never been ascertained. Hirt thinks that soot has some quality, 
besides that of mere mechanical irritation, which brought on the disease. 
It is certain that charcoal-powder w^ill not produce it, and it is unknown 
among colliers. Of late years it has become an exceedingly rare disease, 
although the trade is still carried on. Hirt furnishes these suggestive fig- 
ures: in the Brompton cancer hospital, during the twenty years from 1851 
to 1871, there were treated 10,756 cases of cancer, of whom 8,680 were 
women; of the 2,076 male patients, only 162 (7.7 per cent.) had cancer of 
the genitals, and of these only 9 had chimney-sweep's cancer, all previous 
to 1860. It has been suggested that this form of epithelioma was caused by 
the friction of the thighs upon the scrotum during the process of sifting 
the soot, the sieve being shaken by the operator while in a stooping posi- 
tion, and that the disappearance of the disease is due to the fact that this 
process, no longer paying, has been given up. 

The men who prepare i)>oulds for bronze and copper castings spi'inkle 
them with charcoal-dust before the molten metal is run into them. This 
dust must be very fine and is carefully sifted. During the sifting and 
when the mould is sprinkled, the air is filled with dust of a ver\' irritat- 
ing character, which eventually produces in the workmen exposed to 
it the phenomena of anthracosis. The clinical characters and morbid 
anatomy of this disease were carefully stiidied by Tardieu in 1853-'54, and 
more recently by Proust (1874). They agree in dividing the course of the 
disease into three well-marked stages. At first, rareh^ within ten j^ears 
of the commencement of labor, there is an extreme sense of fatigue, dis- 
proportionate to the amount of muscular force expended, which comes on 
particularly in the latter part of the day, accompanied with a dyspnoea 
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that increases until the day's work is over, and lasts until late in the even- 
ing. This dyspnoea soon becomes habitual and is accompanied by an ob- 
stinate cough. Percussion shows general dulness, especially at the apices, 
with spots of almost complete flatness irregularly situated. The vesicular 
murmur is diminished in intensity, and at the flat spots disappears. Some- 
times there are bronchial rales. 

In the second stage, all the symptoms are more pronounced; the face 
is pale and leaden, the gait feeble. There is constant oppression and 
sighing respiration, with incessant cough, sometimes spitting of blood, 
and the expectoration of thick viscid masses containing black powdery 
lumps. Emaciation sets in, and there are frequently complicating organic 
affections, as dilatation or hypertrophy of the heart, and mechanical ob- 
struction of the circulation in the liver and other digestive organs, with 
diarrhoea and oedema of the extremities. The sufferer is now obliged to 
give up work, or at the most to labor only a fraction of the day. 

In the last stage, symptoms of asphyxia come on, which result in 
death. 

The pathognomonic symptom of the malady is the black expectoration, 
which has been carefully examined by Traube, Robin, and others, and found 
to contain particles of carbon in the epithelial cells which compose the 
greater portion of its mass. 

The disease is essentially a chronic bronchial catarrh, with resulting 
emphysema and asthma. Tardieu in his official report upon the subject 
recommended the use of starch instead of charcoal in the moulds. In 
Paris this change has been made very generally, and with the best re- 
sults. If the use of charcoal is adhered to, the workmen must necessarily 
wear respirators. 

Millers inhale the dust of flour and meal m considerable quantity, but 
it seems to have almost no effect upon the respiratory tract. As an ex- 
ternal irritant, however, these substances are very active. A constant 
exposure to them causes itching, and the scratching that naturally follows 
brings out various cutaneous eruptions, mostly eczematous in character, 
though acne and furuncles are extremely common among millers, and so 
is blepharitis ciliaris. There is one form of skin disease said to be pecu- 
liar to millers. It is a papular eruption, changing to more or less conflu- 
ent vesicles, with violent itching at night. In tlie morning the symptoms 
decrease in severity, and the itching disappears without treatment. The 
disease is not contagious, and appears most commonly on one side of the 
neck, where it is touched by bags carried on the shoulder. It is said to 
be due to an acarus, which some have considered to be the larva of the 
weevil. 

Millers are liable to a peculiar kind of accident, from the explosion of 
fine dr}' flour when brought in contact with flame. The exact cause of 
these explosions is still a little obscure, but they seem to depend upon 
the rapid combustion of the dry flour in a state of extremely fine division, 
and the formation thereby of gases which being heated expand with explo- 
sive force. They generally take place when a light is introduced into the 
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room where the flour is bolted, and are very destructive in their effects. 
Two such very disastrous explosions have recently occurred in Minne- 
applis, Minn., and the great fire in the Barclay Street candy- works, in 
New York, in 1877, was probably due to a similar cause. Great caution 
and the use of safety-lamps appear to be the only methods of preventing 
such explosions. 

Cotton, flaXy and hemp operatives suffer a great deal from dust. The 
raw material has to be cleaned by beating and carding, and the dust flies 
out into the air. This dust consists mainly of silicious particles, but 
there are also fibres of the different materials and woody fragments. Cot- 
ton operatives, when they first begin the work, suffer from a dreadful 
tickling of the throat, causing severe cough with whitish sputa. This 
cough may be merely the precursor of chronic bronchial catarrh, or it may 
be followed by severe pains in the chest, great anasmia and debility, emaci- 
ation, and occasionally profuse diarrhoea, so that work has to be abandoned. 
In 1836 Coetsem published a paper in Brussels, describing a form of " pneu- 
monie produite par la poussiere de coton." The disease appears in cotton 
operatives from thirteen to thirty years of age, and may be divided into 
three stages: In the first there is chronic bronchial catarrh. In the sec- 
ond, frequent respiration and harassing cough, with white, frothy, viscid 
sputa, like the whipped white of an egg, clinging to the side of the cup. 
When this is mingled with water, flocculent specks are set free, which are 
found to be identical with those floating in the air of the workroom. A 
dull pain is felt in the middle of the breast. The tongue and pharynx 
are dry, the voice hoarse, appetite gone, bowels regular, skin hot and dry, 
urine scanty, and there is continued fever. There is diminution of respi- 
ratory murmur in the affected part, and puerile breathing in the rest of 
the lungs. Dulness over the whole chest. In the third stage the ex- 
pectoration is yellow and offensive, and contains yellow, tallow-like 
masses of degenerated lung-tissue. The strength fails, diarrhoea sets in, 
with profuse sweats, often hydrothorax and ascites, soon ending in death. 
The duration of the malady he states at from sixteen to twenty-two 
months, and only four cases out of 250 recovered. 

On section the pleura was found thickened and spotted red, the cav- 
ity containing serum with shreds of albumen. The lung-tissue was broken 
down in spots into a grayish white pulp, and in other places was hard, 
tough, and of a pearl-gray color. The bronchial, tracheal, and laryngeal 
mucous membranes were reddened, and here and there slightly ulcerated 
(Hirt). 

This disease, " phthisic cotonneuse," as it has been called, is not a 
common one. Most operatives undergo an acclimatization, and after a 
few days of discomfort are no longer troubled by the flying particles of 
dust and fibres. The dust, however, may irritate the exposed parts of 
the skin, and erythema and furuncles, as well as ciliary blepharitis are 
common. In the English mills the carders of India cotton are said to be 
troubled with urticaria, or an analogous affection on their hands and arms 
(Layet). 
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The atmosphere of the spinning-rooms has to be kept at quite a high 
temperature — about 84° Fahr. In some mills, where the finest thread is 
made, according to Proust the temperature is even kept at 104° Fahr. 
(40° C). This exposes the operatives to the danger of taking cold, and 
they are almost all anaemic and troubled with their digestion. 

The beating and hackling of flax and hemp disengages a great deal 
of dust, consisting largely of sandy particles. Flax-hackling, in particular, 
is one of the most unhealthy of trades ; phthisis is very common among 
those who work at it, and there are few who do not suffer from cough 
and pains in the chest, even when they retain their strength. Out of 
107 operatives examined by Dr. Greenhow, 79 had bronchial trouble and 
19 hemoptysis (Parkes). 

Toulmouche (quoted by Proust) has described an inflammation of the 
mouth, and especially of the tongue, produced in hemp-spinners by their 
practice of continually wetting the thread with saliva, using the finger as 
a means, and thus conveying acid and irritating matters from the hemp 
to the tongue. 

The extended xise of machinery in performing the above-described 
operations has relieved the workmen of much of the danger to which 
they were exposed, and it is doubtful if cases of " phthisic cotonneuse " 
occur at all in this country. 

Persons who are engaged in the manufacture of tobacco inhale dust 
which contains nicotine and some ammonia. It is not necessary here to 
describe the various processes of curing, sorting, stripping, cutting, and 
drying the leaf, or to go into the particulars of the manufacture of cigars 
and snuff. There is in all the rooms of a tobacco factory a strong odor 
of tobacco, caused chiefly by dust, and in the rooms where snuff is packed 
the atmosphere is fairly thick with it. The workmen are, therefore,- all 
subjected in different degrees to the action of the tobacco-dust as an ex- 
ternal irritant, and also to the absorption of nicotine by the system. 

There is hardly any occupation about which such strongly dissentient 
opinions have been held by different investigators. While Ramazzini, 
in accordance witli his usual pessimistic tendencies, declares that all the 
workmen are in general thin, pallid, yellow, and asthmatic, and suffer 
violent pains in the head, vertigo, nausea, and continual sneezing, and 
Heurtaux, Kostial, and others have agreed witli him more or less, Parent- 
Duchatelet, d'Arcet, Ygonin, Berutti, and Chevallier claim that work- 
men in tobacco factories are as healthy and long-lived as any other arti- 
sans, or even more so. The truth, as is apt to be the case in disputed 
questions, probably lies between these two extremes. 

When persons first begin to work at tobacco they almost invariably 
suffer from headache, and often from nausea and vomiting. They pass 
sleepless nights and are frequently troubled with diarrhoea. These symp- 
toms are more common in females than in males, and indicate a slight 
degree of poisoning by nicotine. In a week or two the symptoms wear 
away, and in the majority of cases no further trouble is experienced. 

According to Heurtaux, physician to the manufactory at Paris, the 
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amount of fibrin in the blood is diminished, and tobacco-hands are pecu- 
liarly liable to passive congestions. Boudet, however, could find no 
change in the blood. 

The effect of tobacco as an irritant is greatest in the manufacture of 
snuff. The first exposure of snuff-makers brings on a nasal and bronchial 
catarrh, with brown sputa, and frequently a conjunctivitis. In a few 
weeks the mucous membranes seem to lose their susceptibility to this irri- 
tant, and the workmen enjoy very good health. Their perfect immunity 
in a most trying atmosphere is surprising. 1 have seen a man who was 
packing yellow snuff in bags, in a room where the air looked like a Lon- 
don fog, and where I could not remain for a few seconds even without 
the most violent irritation of the nasal and conjunctival mucous mem- 
branes, and yet he told me he had worked in such an atmosphere for 
thirty years, had never had a sick day, and all his bodily functions were 
regularly performed, and to judge by the sparkle of his eye and the vigor 
of his movements he probably spoke the truth. It is pretty generally 
agreed of late years that men do not suffer in health by exposure to 
tobacco. 

In most factories the workmen claim a certain amount of exemption 
from inflammatory and epidemic diseases. In New York I have been told 
that none of them died of cholera in 1854 and 18GG, although the disease 
ravaged the locality in which they were. Melier believed in this protec- 
tive influence to a certain extent, but Kostial states that the cholera found 
numerous victims among the female workers at Iglau. Ruef supposes 
that the workmen are almost exempt from neuralgias, rheumatism, and 
gout, while subject, on the other hand, to asthma, chronic bronchitis, and 
even phthisis. 

That the occupation bears hardly upon the female sex is the universal 
observation. According to Kostial, out of 100 female cigar-makers, from 
12 to 16 years of age, 72 fall sick within six months after beginning work. 
They suffer from headaches, praecordial anguish, palpitation, anjiemia, las- 
situde, insomnia, feverishness, and anorexia. These are symptoms mainly 
of chloro-ansemia, and Layet does not hesitate to attribute them to the 
effect of premature labor and the bad sanitary condition of their homes. 

Kostial states that abortions are frequent among the women employed 
in tobacco factories, on account of the death of the foetus, and Ruef has 
discovered nicotine in the amniotic fluid. Heurtaux, Boudet, and Schnei- 
der have found this alkaloid in the urine, and Kostial affirms that the 
milk of nursing women has a strong odor of tobacco, although the pres- 
ence of nicotine cannot be chemically demonstrated. 

It has appeared to me, from observations made in cigar factories and 
in dispensary practice, that sexual development is decidedly retarded in 
young girls who enter the factories before the sexual evolution has begun, 
and in an investigation made by Dr. N. B. Emerson and myself on the 
condition of the cigar-makers who worked at their trade at home in 
crowded tenements, we were very much surprised at the smallness of the 
families. In the 12-1 families of which one of us took notes, there were only 
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136 children, or an average of 1,09 to each married couple, and in the 201 
families visited by the other there were only 329 children, making an 
average of 1.G3 to each married couple. "When we consider the swanns 
of children that usually grow up in tenement-houses, in the families of 
the laboring and artisan classes, the paucity of offspring in a particular 
class becomes significant. The following are the figures we obtained: 



No. of houses 
visited. 


No. of fami- 
lies. 


No. of per- 
sons. 


Average to each 
family. 


No. children. 


Average to 
family. 


18 
23 


124 
201 


414 
805 


3.33 
4. 


13G 
329 


1.09 
1.G3 



One family was found in which there were seven children. This being 
so remarkable an exception to the general rule, the family history was in- 
quired into, and it was ascertained that the parents had only worked at 
cigar-making four years, having previously been farmers, and having had 
the greater portion of their numerous progeny while engaged in the latter 
occupation 

The cause of this lack of fecundity among cigar-makers was not inves- 
tigated. The observations of Heurtaux and Kostial on the presence of 
nicotine in the fluids of the body suggest that it may be due to frequent 
miscarriages. 

There are but two autopsies of tobacco-workers on record which could 
be considered cases of tabacosis, and both of them are described by Zen- 
ker. He found the lungs very much atrophied and filled with numerous 
peculiar yellowish brown spots, due to a granular infiltration of the alveo- 
lar tissue. The infiltration was greatest where the atrophy was most ex- 
treme. On the other hand, Proust states that, having made several 
autopsies of these workmen, he has never seen appearances like those 
described by Zenker. Hirt, to test the question, exposed dogs and rab- 
bits, for months at a time, to an atmosphere filled with tobacco particles. 
The animals remained healthy, had no catarrh or loss of appetite, and 
when killed the lungs were in spots strongly stained of a brownish color 
and atrophied, but there was no infiltration with tobacco. The atrophy 
did not coincide with the discoloration, as in the cases reported by 
Zenker. 

It would seem, then, that no special preventive measures are necessary 
in tobacco factories, excepting perhaps to forbid the employment of chil- 
dren under puberty, and possibly of all females. 

The occupations in which workmen inhale animal dust so as to appre- 
ciably affect their health are few. In brusJi-making the bristles have to 
be cleaned, and bleached with sulphur. The process of cleaning causes 
some dust, but not of an injurious character. When the bristles have 
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been fixed in their place, however, tlie workman trims tliem off with scis- 
sors to make an even surface. This operation fills the air with fraginents 
of bristles, which cover the artisan's clothing, hair, face, and beard, and are 
inhaled with every breath. These fragments are tough and elastic, and 
cause great irritation of the bronchi. Whether they actually penetrate 
the lung-tissue is undetermined. They have never been found in the 
parenchyma after death. But their presence brings on bronchial catarrh, 
ulcerations of the mucous membrane, and phthisis. As will be seen by the 
table annexed, Hirt gives the very high percentage of 49.1 deaths by 
])hthisis among brush-makers. 

The chief danger of this trade would certainly be much diminished by 
the wearing of masks of fine wire-gauze. 
' Button-makers, and in general workmen who inhale bone-dust or 
^ horn-dust, are healthy men, but it is different with those who w^ork 
in mother-of-pearl. The dust of this substance is very light and very 
irritating, producing in those who are exposed to it obstinate cough, 
chronic bronchial catarrh, and sometimes emphysema. Phthisis is not 
common. The workmen all suffer more or less from blepharitis and con- 
junctivitis, and from fissures of the skin of the hands, which are very 
painful and constantly reappear. Hirt refers to Englisch and Gussenbauer 
as describing a peculiar affection of the bones in button-makers exposed 
to mother-of-pearl dust. It is essentially an osteomyelitis, ascribed by 
them to infarction of the vessels of the marrow with dust which has en- 
tered the circulation. The lime-salts of the dust are dissolved, but the 
organic portion, the " conchiolin " (Frcmy), is insoluble, and to it the 
disease is due. Hirt adds that he has never seen a case himself, although 
he made inquiries about it in many button factories, 
j The makers oi feather ornaments, who are mostly women, inhale more 
or less dust containing particles of feathers. According to Hirt, the work 
can be carried on by any one person for only three years at the farthest, 
without great impairment of the health. The lungs and eyes both suffer. 
There is hardly a woman, who, after long employment at this work, does 
not have chronic inflammation of the eyes. At the post-mortem examina- 
tion of a man, who, in order to sort the feathers better, had kept the doors 
and windows of his room closed, the main bronchi were found thickly 
plastered with feathers and almost obstructed. 

Here also wire respirators Avould probably be of use. 

Wool, as it is received at the factories, is very dirty and oily, and has 
to be cleaned. It is thoroughly washed, and the fatty matters are re- 
moved by alkaline solutions or carbon bisulphide. The smell given off 
during these operations is offensive, but the workmen are healthy, and, 
like others who inhale oily vapors, they seem to possess a certain im- 
munity against epidemics. The combing of the wool causes some dust, but 
the operatives are never troubled by it. The particles of woolly fibre are 
pliable and exert no irritant effect on the mucous membrane of the lungs, 
as hairs do by reason of their stiffness. The female spinners in woollen- 
mills are said by Hirt to be pale and thin, weary-looking, lazy, and drowsy. 
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Their menses are seldom regular and often profuse. On the other hand, 
Thompson thinks them very healthy and well-nourished. My own ob- 
servations coincide with the latter decidedly. 

The carders of floss silk suffer more from their occupation than any 
other silk-operatives. They work in a sitting position, in close, badly- 
ventilated rooms, and inhale a great deal of dust mingled with offensive 
vapors of animal origin. According to Tardieu they suffer from oedema 
of the limbs, dull pains in the arms, shoulders, and thorax, obstinate 
ophthalmias, fatiguing cough, asthma, haemoptysis, and phthisis. They 
are subject to cutaneous eruptions, and may easily be recognized by their 
pale faces, puffy red eyes, and constant slight cough. The stoutest and 
most vigorous among them are forced to abandon the work at 48 or 50 
years of age, and frequently earlier. Hirt considers that the French 
writers have exaggerated the evil effects of this occupation, and that silk- 
operatives are not much troubled by dust. 

In order to remove the gelatinous material that binds the threads of 
the cocoons together, they are soaked in hot water and there manipulated 
by workmen, who are somewhat liable in consequence to a peculiar 
malady, first described by Potton, and called the *' mal des bassines." 
The skin in all becomes pale and macerated, with hypergssthesia of the ex- 
tremities of the fingers; but Potton's disease is now rare. It can be recog- 
nized when the redness, pain, and swelling of the hands, experienced by 
all new-comers, does not relax after fourteen or fifteen days. Vesicles 
then appear, which soon become pustular, and very tender and painful. 
In five or six days pus is discharged, and they dry up. If work is per- 
sisted in after this disease begins, oedema of the cellular tissue, inflamma- 
tion of the lymphatic glands, and considerable prostration may follow. 
Patients always recover. Potton attributed the malady to the irritation 
of putrefying animal matter, Layet to the gelatinous substance which 
glues the fibres together. Hirt found that the cleaner the water and the 
lower its temperature, the less frequent was the disease, which is probably 
a form of eczema. 

The weight of silk is sometimes increased by washing it in a solution 
of acetate of lead. Eulenberg found 17.71 grammes of lead in 100 
grammes of silk. Chevallier found 20 parts of the acetate of lead in every 
100 parts of silk, in many specimens bought at different factories. In 
using silk thus prepared, spinners are hable to lead-poisoning, from their 
habit of drawing the threads through the mouth. Many such cases have 
occurred in Lyons (Oesterlen). 

Dron (quoted by Layet) has called attention to the effects of the use 
of methylic alcohol in the preparation of silk tissues. The workmen suf- 
fer from acute conjunctivitis, intense coryza, headache, sense of weight 
and constriction at the top of the head. In some cases there is anorexia, 
nausea, or vomiting, and in others veritable tetanic contractions of the 
fino-ers. M. Poincare has recently made experiments with this substance, 
and found that in animals the livers showed enlargement and fatty degen- 
eration. The latter was observed also in the muscular fibres of the heart. 



46 



HYGIENE OF OCCUPATION. 



in the epithelial cells of the uriniferous tubules, and in the lung-cells. 
There was also more or less congestion of the nerve-centres. 

Carpet-heaters, hair-pickers, and street-sweepers inhale mixed dust. 
Carpet-heating dislodges an immense amount of dust, partly mineral and 
partly animal (wool), and when it is done by hand, or if special means be 
not adopted for ventilation, the workmen suffer from nasal and bronchial 
catarrh to some extent. Irritation from this source may be entirely pre- 
vented by the use of a large hood over the carpet-cleaning machine, and 
of a fan to draw away the dust. 

Hair-picking also raises clouds of dust, and keeps the workmen con- 
stantly coughing. The hairs, moreover, are stiff, and when inhaled tend 
to create permanent irritation of the trachea and bronchi, as in brush- 
makers. 

The dressing of hair for pillows, mattresses, etc., sometimes gives rise 
to serious disease. The hair which comes from Siberia and other parts of 
Russia is particularly dangerous, those who handle it occasionally con- 
tracting malignant pustule. The cause of this poisonous quality is not 
surely known, but it is probable that some of the Russian hair is pulled 
from putrefying carcasses, or perhaps from the bodies of animals that 
have died of contagious disease. According to Layet, even glanders has 
been communicated in this way. 

The dust caused by hair-picking may be removed b}'^ a mechanical fan, 
and it would certainly be prudent, in view of the number of cases of 
malignant pustule caused by handling Russian hair, to always fumigate it 
with sulphur before it is given out to the workmen. 

The mingled mineral, animal, and vegetable dust raised by street- 
siceeping may be diminished in amount by sprinkling the street before- 
hand. The inhalation of the dust does not seem to affect the sweepers 
injuriously. 

b. Occupations which expose j^efsons to the inhalation of poisonous 
di(st. 

The trades included under this heading mostly have to do with pre- 
parations of arsenic, mercury, and lead. These three metals, in the form 
of their salts, are very extensively used in the arts, and are introduced 
into the systems of the workmen in three ways, viz., through the alimen- 
tary canal, when by the carelessness of the employer the men are allowed 
to eat their meals in the workroom ; through the skin by absorption ; 
and through the respiratory mucous membrane by inhalation of the dust 
flying in the air. Which of these methods of intoxication is the most 
common in any particular occupation it is impossible to say, as sometimes 
they are all operative, and in most cases the last two are, and there is no 
way of estimating the probable influence of each factor in bringing about 
the result. 

The arsenical preparations produce a local effect on the skin, where it 
is covered by the poison. With this exception these poisons do not irri- 
tate, and their poisonous influence is first manifested by the signs of 
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general intoxication. When this occurs, cessation of work is imperative, 
There is no such thing as acclimatization to the air of such a workroom, 
and continued exposure involves increased derangement of nutrition, and 
finally death. 

In the manufacture of artificial floioers various coloring matters are 
used, and some of them contain arsenic. This is especially the case with 
the greens, which consist mainly of the arsenite of copper (Scheele's 
green), or a double salt of the arsenite and acetate of copper (Schwein- 
furt green). These substances are used in solutions into which the ma- 
terial to be colored is dipped, and when the latter is dried and further 
manipulated, more or less of the arsenical salt is shaken off in fine powder. 
The air of the workrooms is, therefore, constantly contaminated with the 
dust, which enters the body by two channels: through the lungs and 
through the skin. 

Among the workmen who are exposed to this poison, acute poisoning 
is very rare ; but they often lose their appetite, complain of palpitation, 
violent pains in the stomach, intestinal derangement, constant headache, 
and a feeling of depression. A capital and characteristic sign of the 
effect of the poison is enfeeblement of the muscular force, especially of 
the limbs. This feebleness may develop into paralysis, and persist long 
after work is abandoned. Vesicular or pustular eruptions appear on the 
face and hands, and generally also on the scrotum. Their development 
in the latter situation is usually attributed to contact of the hands. The 
eruption sometimes leads to ulcerations, which have hard borders and yel- 
lowish gray bottoms, so as to closely simulate syphilitic sores. If the 
fingers are abraded or wounded, hemorrhagic pustules appear, and occa- 
sionally gangrene follows. When picric acid is used, it aggravates the 
trouble. 

The hands of the makers of artificial flowers are stained yellow by pic- 
ric acid, which also stains the finger-nails of the same color. The accu- 
mulation of arsenical salts beneath the nails makes their ends green, and 
the appearance of the hands is thus made highly characteristic. 

Some kinds of vKill-paper are colored with arsenical greens, and the 
workmen engaged in their manufacture suffer in consequence. The so- 
called velvet-paper is made by sprinkling the powdered color on a surface 
covered with gum, and more or less of this powder is inhaled by the 
artisan. 

The symptoms of general intoxication, however, are rare among those 
who work with arsenical colors, the evil effects being almost confined to 
cutaneous eruptions and ulcerations. 

The workmen should wash off every particle of the poisonous sub- 
stance from their bodies after quitting work, and especially when they are 
to take their meals. Layet recommends for this purpose the use of a 
solution of hydrochloric acid, 10 parts to 100 of water, which completely 
dissolves the arsenite of copper. The meals should never be eaten in the 
workroom. Any abrasions or wounds should be carefully protected with 
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collodion or plaster, as they are particularly liable to become ulcerated. 
Layet recommends also tliat the hands be covered with powdered soap- 
stone during- labor; but this, it would seem, might interfere with the 
necessary delicacy of touch. 

The best preventive of disease in such occupations is to give up the 
use of poisonous preparations altogether; but it is said that the arsenical 
colors excel so much in brilliancy any that can be substituted for them, 
that their use must be continued. Layet suggests that a combination of 
zinc chromate and ferric cyanide produces a most brilliant and beautiful 
green. 

Hatters, in order to remove the hair from skins, brush over the hairy 
surface a solution of acid nitrate of mercury, often adding to it 3 or 4 
parts of arsenious acid and 1 to 3 of bichloride of mercury. The moist 
hide is then put in a drying-chamber, and after drying is beaten or 
brushed against the grain. This process gives rise to much dust, and its 
inhalation produces mercurial poisoning. The preparation of the acid 
nitrate in the shop sends off nitrous fumes, which produce great irritation 
of the nasal and laryngeal mucous membranes, sometimes followed by 
emphysema and asthma. Symptoms of acute mercurial poisoning are not 
common, but the workmen are pale, emaciated, and suffer from mercurial 
tremor and premature old age. The felt, after it is made, is " fulled " by 
dipping it in a hot dilute solution of acetic or sulphuric acid, and the 
workmen who do this part of the work inhale acid fumes, without, how- 
ever, any bad effect. 

In order to prevent mercurial poisoning, Hillairet and Bergeron have 
proposed, and Hirt strongly commends the suggestion that, instead of 
using a mercurial solution on the skins, they should be brushed over with 
molasses, or a solution of dextrin or sugar, and then washed with dilute 
nitric acid. This process involves more work than the other, and as the 
hairs dry more slowly there will be a greater consumption of fuel; but 
the same final result is attained, and the danger of the mercurial method 
is entirely done away with. 

Dron has observed at Lyons the effects of exposure to the vapors of 
methylic alcohol on workmen who dip the felt hats, when nearly finished, 
in a solution of gum in that fluid, to render the felt impermeable. The 
symptoms have already been mentioned under " SilJc-operativesy Ber- 
geron, on the other hand, has made investigation of the same subject, 
with regard to hatters, manufacturers of aniline colors, gauze-makers, 
cabinet- and jDiano-makers, and even the men who manufacture the alcohol 
itself, and found that no bad results followed its use, excepting in rare 
cases, and he attributes the symptoms described by Dron to the bad 
quality of the alcohol used, the deleterious ingredient, however, not being 
mentioned. 

The manufacture of the different preparations of lead, which are largely 
used for paints, produces lead-poisoning in a certain percentage of work- 
men. The symptoms of this form of intoxication are too well known to 
need description here. The metal is introduced into the body either by 
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inhalation in the form of powder, or through the digestive organs, or bv 
absorption through the skin, which is now pretty well settled. Proust 
relates the case of a painter who had a habit of keeping in his mouth, on 
the right side, small freshly painted bits of wood. The tongue and inter- 
nal surface of the cheek on this side suffered a considerable loss of sen- 
sibility, and the sense of taste was altered, while the left side remained 
unaffected. This shows very prominently the local effect of the poison. 
Lead, like mercury, affects women more readily and more seriously than 
men. They suffer from metrorrhagia and have frequent abortions. Con- 
stantin Paul, quoted by Tardieu, observed that of 141 pregnant women 
whose husbands worked in lead, 82 aborted, 4 had premature births, and 
5 of the remaining children Avere still-born. Of the 50 living children, 20 
died before they were a year old, and 15 more before they completed their 
third year. Out of 43 pregnancies in women who suffered from lead-pois- 
oning, there were 32 premature births, 3 still-born, and 2 very delicate 
living children. These figures are very significant. 

Of the different lead-salts, viz., white-lead (lead carbonate), acetate of 
lead, litharge, chromate of lead, etc., the first is generally held to involve 
the most peril to the workman. The following figures are taken from 
Layet: in the Paris hospitals, during the years 1844-'46, there were 
treated 1,450 cases of lead colic; of this number, the makers of white- and 
red-lead were 796; painters of buildings and carriages, 290; printers, type- 
founders, etc., 120; makers of white enamelled cards, 35; potters and enam- 
ellers, 33, and the remaining number divided among many other trades. 

The most dangerous parts of the manufacture are the crushing or 
grinding and the sifting of the lead-salts, which fill the air of the work- 
room with a fine powder. 

The workmen in lead-mines suffer greatly. According to Hirt, out of 
2,000 miners in Saxony, 1,743 were poisoned, and almost all have the blue 
line on their gums (Burton's line). 

JEnamellers also suffer from lead-poisoning, as lead is always the base 
of enamels, which are essentially silicates of lead, colored with iron or 
copper. 

Painters use white-lead almost constantly, and furnish a large propor- 
tion of the cases of lead-poisoning. They are also occasionally troubled 
with headache, dyspepsia and muscular weakness, attributable to the in- 
halation of the spirits of turpentine with which their colors are mixed. 
Boutigny has even seen porcelain-painters obliged to give up their sit- 
uations on account of the violent headache and vertigo caused by this 
substance. 

Type-metal consists of four parts lead and one part antimony. Type- 
founders suffer from lead-poisoning to some extent. 

Many different plans have been suggested for the prevention of lead- 
poisoning, but most of them have been tried, Avith indifferent success. 
Masks and respirators are objected to by the workmen because they make 
the face hot and uncomfortable, and because they interfere somewhat with 
the respiration. It has been proposed that the men should all take doses 
Vol. II.— 4 
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of potassium iodide regularly, but this interferes with digestion and is 
uncertain in its effect. Sulphuric acid lemonade has been tried in many 
places, but has been given up as of no value. Chevallier recommended a 
drink composed of nineteen parts of water to one of hydrosulphuric acid, 
and a little sodium bicarbonate — a highly palatable mixture (!), but use- 
less. The best preventive means appear to be these: all sifting and 
crushing apparatus should be as tight as possible, so as to prevent the 
escape of dust; the rooms should be well ventilated; meals should never 
be eaten in the workroom; the hands and face should be washed before 
eating and after work is over, and it is also well to brush the teeth and 
rinse the mouth with a weak solution of sulphuric acid. According to 
Hirt, milk is a perfect prophylactic. A litre or a litre and a half a day is 
sufficient for the purpose. He states that no workman who uses it habit- 
ually ever suffers from lead-poisoning. It is difficult to see why this 
should be so. The lead certainly enters the body; and it would seem as 
if the milk, to be efficient, must assist in its elimination. Fatty food has 
long been recommended for the same purpose, and it is no worse than 
many other gross chemical explanations of physiological phenomena to 
suppose that the fatty constituents of the milk form a soap with the lead, 
which is thus rendered soluble, and rapidly excreted. 

Hirt strongly recommends the use of zinc-white instead of white-lead 
in the arts, and if such use became general, it would certainly do away 
with the majority of cases of lead-poisoning. 

Workmen who inhale the dust of copper or its salts are more liable to 
lung disease than those who work in iron, although Deroche has claimed 
that copper has an anti-phthisical effect. At the recent session of the 
International Congress of Hygiene, in Paris (1878), M. Bugy maintained 
that workers in copper were remarkably exempt from epidemic diseases, 
in which opinion he was supported by Mormisse. 

Coppersmiths in general do not seem to suffer at all in health from 
their work. The men who finish pieces of casting, however, filing off the 
asperities, inhale a great deal of dust, and suffer much from bronchitis. 
Bronze poioder^ too, is made by filing copper or brass, and the operation 
is very injurious to health. Bronchial catarrh and phthisis are common 
among the workmen. In a factory at Nuremberg, Hirt found almost all 
the workmen pale and emaciated, and all without exception complained 
of the unhealthiness of their occupation. The firm stated that the men 
all suffered from cough, many had phthisis, and that they seldom lived 
beyond fifty. 

The acetate of copper is made by exposing copper plates to the action 
of acetic acid, and the crystals which form are scraped off and some dust 
evolved. The men who work at this at first have acute bronchial catarrh, 
sore throat, conjunctivitis, and suffer from pains in the chest and tick- 
ling in the throat. These symptoms do not last long, and after recovery 
the workmen remain sound. 

'Watchmakers and clockmakers are somewhat exposed to copper- dust, 
and M. Perron states that the workmen at Besan§on suffer from pains in 
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the epigastric region and head, and from frequent indigestion and 
diarrhoea. Some are troubled with tickling and a sense of constriction 
in the throat. 

There is harcdy a question in the whole range of medicine which has 
been more and longer discussed, without being decided, than that of the 
existence of such an affection as copper colic. There seems to have been 
little doubt upon the point until within the past thirty years, but the 
manner in which the dispute has been kept up shows that its settlement 
is far from easy. 

The copper colic is said, by those who believe in it, to differ from lead 
colic in being attended with extreme prostration, and with diarrhoea instead 
of constipation. It is not of long duration, and the prognosis is always fa- 
vorable. It is said that the use of fresh milk in copious draughts prevents 
its development. By those who do not consider copper a poison, these 
symptoms are attributed to a mixture of other metals. It is rare to work 
Avith chemically pure copper, they say, and the bad effects are produced 
by the lead, zinc or arsenic with which the metal is alloyed. Others con- 
sider metallic copper harmless, but its salts as poisonous, and explain the 
symptoms above mentioned as caused by the acetate or carbonate of 
copper. 

There is no doubt that the metal is absorbed in the body. The copper- 
smiths of Durfort, according to Millon, have green hair, and their urine 
stains the wall and ground of a green color. The bones are said to have 
been found green (though Hirt ridicules the statement), and the hair and 
scalp have been analyzed and found to contain acetate of copper. Millon 
and Perron insist that in certain copper-workers there is a deposit of 
copper molecules on the gums and teeth, forming a reddish purple line, 
first noticed by Corrigan. Bailly (quoted by Proust) describes the charac- 
teristic line as greenish blue, and states that the reddish brown precipi- 
tate of oxide of copper is readily obtained with potassium ferrocyanide. If 
then copper enters the system in sufficient quantity to stain the excre- 
tions and be deposited in appreciable amount in the tissues, cases of 
chronic poisoning by it should be pretty common, if it is to be classed in 
the same category with lead and mercury. But, on the contrary, cases 
of copper colic or chronic poisoning in any form are acknowledged by all 
to be extremely rare; and indeed, if it were common, its existence would 
not be a matter of doubt. I have, moreover, been unable to find that cop- 
per colic has ever been observed in workmen who used copper alone. 
Most of the cases mentioned are of workers in brass, and those who use a 
solder partly composed of lead. According to Chevallier, those who have 
had colic more than once are liable to suffer in time from paralysis of the 
extensors of the hands. This is additional reason for believing the so- 
called copper colic to be really lead colic. 

When we consider, therefore, the rarity of copper colic, its similarity 
to lead colic, that copper- workers also work with lead, that a majority of 
workmen who are even saturated with copper do not suffer in health 
thereby, and that they consider the drinking of fresh milk a preventive to 
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colic (as do also workers in lead), it seems probable that the only bad ef- 
fects clearly traceable to the inhalation of the dust of copper are those 
due to irritation simply, and not to metallic poisoning. 

The methods of preventing diseases due to the inhalation of dust are 
therefore chiefly these: 

1. Prevention of the formation or escape of dust (wet grinding, close 
vessels, etc.). Not often practicable. 

2. Prevention of the inhalation of dust (respirators, masks, etc.). Not 
comfortable for workmen. 

3. Removal of dust as fast as it is produced (mechanical fans, air- 
shafts, etc.). Best plan of all. 

As regards individual workmen: 

1. They should change their outer clothing after work. 

2. They should keep face and hands clean. 

3. They should never eat in the workroom. 

4. No women or children should be employed in dangerous occupa- 
tions. 

Special jarecautions for particular occupations are mentioned under the 
respective headings. 

2. Occupations involving the introduction of deleterious matters into 
the body by absoeption. 

The matters absorbed may act as mere local irritants, or affect the 
whole system. It seems at first inappropriate to describe an external ir- 
ritant as acting by absorption; but the superficial layers of the epidermis 
are certainly not capable of irritation, and in order to produce the symp- 
toms of vascular and nervous excitation, something must have penetrated 
to a sufficient depth to meet living tissues, or else we must accept the idea 
of action at a distance. 

a. Occupations which expose persons to the absorption of irritating 
substances. 

Domestics, washerwomen, and others who have their hands constantly 
in irritating fluids, have the epidermis softened and blanched. The soap, 
often strongly alkaline, removes the fatty ingredients of the epidermis, 
and makes it brittle, so that it tears and cracks. In other cases obstinate 
eczema is caused, known commonly as " salt-rheum." The strain of the 
wrists in wringing the clothes sometimes brings on painful crepitation 
of the wrist-tendons, and the slight wounds received from pins, etc., being 
constantly soaked in soap-suds, may give rise to panaris. In some per- 
sons, either the action of the alkali (Romberg) or long immersion in cold 
water (Hirt) produces stiffness and numbness of the hands and forearms, 
with tearing pains as far as the elbow, much worse at night. Sensation 
is impaired, but motility unaltered. Hirt considers the symptoms to be 
due to arterial cramp, and adduces the paleness of the surface and dimi- 
nution of temperature (sometimes amounting to 2° C.) in support of his 
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view. "Washerwomen constantly run a cei'tain risk in washing the clothing 
of sick persons. According to Griesinger, typhoid fever is extremely 
common among hospital laundresses, and in cholera epidemics these 
women have been stricken down in great numbers (Layet). 

Some of these evils may be prevented by care in the selection of soap, 
by the use of mechanical wringers, and by the disinfection of infected 
clothing. 

Grocers suffer occasionally from eczema, called "grocer's itch." It is 
caused by the handling of irritating substances, such as alkalies, coarse 
sugars, soaps, flour, etc. The hands become chapped and fissured, and some- 
times very painful. The cracks are usually at the flexures of the joints. 

Special attention to cleanliness would seem to be the only preventive. 

b. Occupations ichich expose persons to the absorption of poisoxous 
substances. 

The occupations here treated of — pcederasty and p>rostitution — expose 
their followers especially to the syphilitic virus. As the subject of syphi- 
lis is fully discussed in another chapter, it only remains to consider some 
of the other physical phenomena which are fairly attributable to these 
practices. 

Tardieu has published an elaborate paper on the subject of paederasty, 
from which the following statements are taken : 

During attempts made by the police to suppress paederasty in Paris 
he had the opportunity of examining on one occasion ninety-seven, and 
on another fifty-two persons taken in the act. He also visited at dif- 
ferent times sixty others, besides examining many dead bodies of persons 
on whom the crime had been practised. 

With regard to ages and occupations he gives the following table: 



Age. 


Number. 


Occupation. 


Number. 


12-15 years. 


13 


Servants. 


44 


15-25 " 


05 


Merchants' clerks. 


29 


25-35 " 


26 


Tailors. 


12 


35-45 " 


28 


Military men. 


12 


45-55 " 


19 


108 others belonging to 59 




55-65 " 


5 


dilferent occupations. 




G5-75 " 


4 






Not given. 


40 







Casper states that persons may be paederasts of long standing and 
show no signs of it, but Tardieu says that out of 205 avowed paederasts 
he has only found fourteen in whom it was impossible to find an evident 
trace of their habits. Out of this total, those whose habits were exclu- 
sively passive numbered 99 ; those with habits exclusively active, 18 ; 
both active and passive, 71 ; not given, 17. 
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With this immense experience, lie gives these as the effects of this 
peculiar occupation. 

Passive paederasty produces an excessive development of the buttocks, 
an infundibulifonu appearance of the anus, relaxed sphincter, effacement 
of the folds, caruncuhe of the anal orifice, incontinence of the fajces, ul- 
cerations, fissures, etc. 

The infundibuliform anus has generally been considered a pathog- 
nomonic sign. It is, however, not always present, but was found in 100 
cases out of 170. It may be absent in persons with very fat or very thin 
buttocks. Tardieu believes relaxation of the sphincter to be fully as true 
and characteristic a sign. He found it existing in 110 out of 170 cases. 

The natural folds and puckers are effaced, and the anus is smooth and 
polished, the jxhUx Icevis of the Romans. The use of emollients to facili- 
tate approaches causes relaxation of the tissues to such an extent as to 
produce a sort of prolapse of the mucous membrane, so that in several 
cases it resembled the labia minora of the female. 

In active paederasts the penis was found very small or very large. The 
large penis is rare, but in all cases the dimensions of the organ are excessive 
in one sense or the other, i. e., of the organ when not in a state of erection. 
Its form is very characteristic. When small and thin, it diminishes 
towards the glans, which is quite small, so that the penis resembles that 
of a dog. This is the most common shape, and suggests the idea that the 
tendency of some individuals toward this unnatural vice may be due to 
an incapacity for ordinary sexual intercourse. 

When the penis is voluminous, the whole organ does not taper in size. 
The glans only' is elongated, and the penis is twisted upon itself, so that 
the meatus is directed obliquely toward the right or left. This distortion 
is sometimes very marked, and appears more pronounced as the dimen- 
sions of the organ are more considerable, 

ProstUtites, besides the risk of syphilis, live under conditions which 
produce in time marked physical effects. As a result of their extremely 
indolent life, their habitual indulgence in alcoholic stimulants, and their 
practice of eating the best food they can obtain, they have a decided ten- 
dency to corpulence, which shows itself markedly in those who are over 
twenty-five years of age. That this tendency is not connected with fre- 
quent sexual gratification, but is due to their easy life and plentiful 
nourishment, is shown by the fact that it is much less common in the 
lowest class of prostitutes, who live on poor food, are often stinted in 
that, and are harassed with anxiety about their futvire as much as women 
of their class in any other occupation. 

Prostitutes of several years' standing acquire a peculiar timbre of 
voice, which is very characteristic, and is probably due to a slight chronic 
laryngitis. The use of strong alcoholic liquors, and the frequent strain- 
ing of the voice in brawls, and even in conversation, ai'e probably the 
main factors in its development. 
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II. 

Occupations involving exposure to conditions that interfere with nxi- 
trition. 

These conditions may be classified under three headings, viz.: an 
abnormally high temperature or sudden variations of temperature, by 
which the functions of the vaso-motor nerves are disordered; the strain- 
ing or over-use of organs, by which certain parts of the body are 
nourished at the expense of others, or are even subjected to mechanical 
violence; and a constrained attitude, by which necessary rest is withheld 
from certain organs, or they are so compressed, or their proper motions 
so interfered with, that disordered function in them finally becomes dis- 
ease. 

1. Elevated or Variable Temperature. 

a. Occupations in rohich persons are exjyosed to the vicissitudes of the 
weather. 

Those who are engaged in out-of-door occupations, as a rule, breathe a 
pure air and have plenty of muscular exercise. They are usually robust 
and brawny, and the average duration of their lives is long. But, being- 
exposed to alternations of cold and heat, to wind, rain, and snow, they are 
peculiarly liable to acute pulmonary affections and rheumatism. 

Hoatmen and fishermen are very liable to chronic bronchial catarrh. 
The latter are said to suffer frequently from panaris of the right index 
finger, due to the rubbing of the line. 

Farmers and agricultural laborers in general are often attacked with 
catarrh and pneumonia, and the elderly and aged ones almost invariably 
suffer a great deal from chronic rheumatism. The life of an independent 
farmer is so free from anxiety and so healthful in its conditions, that, if it 
were not for the poorness of the food set forth on most farmers' tables, 
their lives would be much longer and more comfortable than they are. But 
in most farm-houses the diet is very much restricted, the meat consisting 
almost exclusivel}^ of salt-pork, and the cooking is execrable, so that dys- 
pepsia is common. As the men lead an altogether out-of-door life, the 
effects of this indigestible stuff appear less in them than in the women, 
who work in-doors, aud^ being more delicate in their organization, break 
down earlier. More pitiful wrecks of women, by reason of hard work and 
poor food, than some of the farmers' wives of New England, it would be 
hard to find. 

Drivers of carts, hacks, omnibuses, etc., are particularly exposed to 
cold blasts and to the full sweep of rain, snow, and sleet. They consti- 
tute almost the only class of laborers who are exposed to the full effects of 
inclement weather, and they are very commonly attacked with pneumonia 
and rheumatism. They are also very liable to facial paralysis, apparently 
due to inflanunation of the sheath of the facial nerve near its place of 
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emergence beneath the ear. According to Hamilton, the car-drivers on 
city railroads are troubled with varicose veins of the legs and congestion 
of the spinal cord or its meninges, from the constant jarring to which 
they are subjected. The red nose, which is so common in this class, and 
which has been usually attributed to a vaso-motor paralysis due to intem- 
perate habits, is believed by Hirt to be often really caused by habitual 
exposure to the elements. 

Laborers furnish a large contingent of deaths by phthisis and Bright's 
disease yearly, and are somewhat more liable than others to sunstroke. 

Bricklayers and masons are liable to accident from falling scaffolds, 
loose building material, etc. 

b. Occupations in which persons are exptosed to extreme artificial 
heat. 

Where the atmosphere of the workroom is necessarily kept at a high 
temperature, the ventilation is usually poor, for a rapid change of the air 
would compel an increased consumption of fuel. Whether, then, the 
high temperature or the bad air be the cause, it is certain that persons 
who work under these conditions are generally antemic, and their power 
of resisting epidemic disease is much reduced. The copious perspiration 
has much to do undoubtedly with the exhaustion of their vitality, and the 
sudden and marked changes of temperature which they undergo when 
they leave work and pass into the external air, render them peculiarly 
liable to catarrhal difficulties, both pulmonary and gastro-intestinal. 
They are also subject to Bright's disease and rheumatism, and it has been 
long remarked that meningitis was common among them. 

Urickmahers are generally robust and healthy men. Those who press 
the clay into the moulds by hand are said to be subject to painful crepita- 
tion of the tendons at the wrist, due to synovitis. They are exposed to 
smoke and heat from the kilns, and suffer somewhat from blepharitis and 
conjunctivitis. 

Bakers and cooks are exposed to great heat in almost invariably badly 
ventilated kitchens. The former work at night, and very often in cellars, 
and their pale, puffy faces are very characteristic. They are both very 
subject to rheumatism, to varicose veins, and, according to Malgaigne, to 
hernia. The heat of the fire and the irritating substances in which they 
work produce eruptions of eczema and lichen on the hands and arms, and 
acne on the face. 

Of the two trades, that of baker is the most unhealthy. When the 
plague visited INIarseilles in 1720, all the bakers died, and the needs of the 
inhabitants had to be supplied from the neighboring towns. The same 
excessive mortality among this class has been remarked by Clot-Bey in 
the East, and has been noticed by various authors in epidemics of yellow 
fever, cholera, and typhus. This is an indication, certainly, of a profound 
sapping of the vital forces. 

The hands of bakers are generally large and powerful, as Hirt thinks, 
because of the muscular exertion expended in kneading dough. 
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Charcoal-burners are exposed to a temperature of from 108° to 112° 
Fahr., but do not seem to be injured by it, as their work is done in the 
open air. They are also unaffected in any appreciable degree by the 
carbonic oxide and carbonic anhydride which they must inhale to some 
extent while at work. They are said, however, to be somewhat subject 
to hemeralopia. 

Blacksmiths are strong and healthy men, partly because only the 
robust can endure the labor incident to this trade, and partly because the 
constant muscular exercise tends to increase the natural vigor of those 
who adopt it. But the extreme exertion, the exposure to the heat of 
the forge, the profuse perspiration and sudden changes of temperature, 
are so many sources of constant peril to the health, and it is the uni- 
versal testimony of writers on hygiene that they become prematurely 
aged. Chronic bronchial catarrh is common among them, but phthisis 
is very rare, and pleurisy and pneumonia are not often observed. The 
daily and prolonged exposure to radiant heat and intense light from 
the forge and the white-hot metal produces affections of the eyes — 
chronic blepharitis, presbyopia, and mydriasis with diminished contrac- 
tility of the pupil (Layet). They also suffer frequently from traumatic 
lesions, mostly burns and slight wounds of the cornea from flying bits of 
metal, which are often incandescent. 

They are said to have frequent, intense headaches, and to be peculiarly 
subject to furuncles and anthrax. 

The sudden changes of temperature naturally produce acute and 
chronic rheumatism. Maisonneuve (de Rochefort) has described lumbago 
as common among them, and attributes it to the straining of the lumbo- 
sacral and sciatic ligaments, with occasional implication of the spinal cord. 
Layet, on investigation of this subject, has satisfied himself that it is due, 
at least sometimes, to renal congestion and inflammation, as he found 
albuminous urine in a number of cases. 

Engineers and stokers on railroads, in steamships, and with stationarv 
engines, are exposed to a temperature above that of the external air. On 
steamers, where their quarters are contracted, they are a very unhealthy 
class of men, especially the stokers. They are pale, subject to catarrhs, 
rheumatism and pneumonia, and frequently die of phthisis. 

Hirt takes from Bourel-Ronciere and Fonssagrives a description of a 
peculiar affection which sometimes supervenes in men who clean out the 
boilers of steam-engines. They enter by a man-hole, and after a few 
minutes emerge with their faces red, lips blue, veins swollen, interrupted 
respiration, and heart-beats barely perceptible. They have photophobia 
for many days, and are apt to have stomatitis, and sometimes gastric 
catarrh, diarrhoea, etc. There is a peculiar whiteness of the mucous 
membrane of the lips, as if they had been touched with nitrate of silver, 
and a partial opacity of the cornea, as if a caustic had been used upon 
it. The cause of these symptoms is very obscure. 

These workmen are also liable to serious accidents from bursting 
boilers, breaking shafts, etc. 
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Men who work at large forces, iron-puddlers, glass-hlov'ers, etc., are 
exposed constantly to a most intense heat. Hirt states that iron-pxddfers 
work from eight to ten hours in air of a temperature of 130° Fahr. Such 
workmen are constantly sweating profusely, and drink enormous quan- 
tities of water to make up for their loss. They are subject to all the dis- 
eases incident to such exposure and to sudden changes of temperature, 
viz., bronchitis, pneumonia, rheumatism, and diarrhoea. They also suffer 
from blepharitis and conjunctivitis, and have a tendency to retinal or cho- 
roidal inflammation, as an effect of the vivid light on their eyes. The 
heat gives rise to irritation of the exposed surface of the skin, and ery- 
thema, eczematous and lichenoid eruptions, furuncles, and axillary ab- 
scesses, are far from uncommon among them. 

They are also said to be quite subject to cataract, which has been 
attributed by some to the bright light of the furnace, and by others to 
radiant heat. Proust suggests that it may result from the profuse sweats 
which render the fluids of the body denser and richer in salts, and so 
affect the nutrition of the lens; and instances the experiments of Kunde, 
who put frogs in a heated chamber, and when they had lost considerable 
water by evaporation, opacity of the lens was produced, but disappeared 
when the animals were plunged in water again. This cause is quite as 
active, however, among the attendants in Turkish baths, and no tendency 
to cataract has been observed among them. Hirt believes that all cases 
of cataract in this class of artisans are due to senile changes or traumatism. 

Glass-blowers take a mass of molten glass from the furnace on the end 
of a tube, and blow into it while it is soft. As the lung capacity of one 
man is insuflficient for the purpose, two, three, or four stand together, and 
the tube is passed immediately from one to another. The end of the 
tube is often rough, and the men suffer from cracks and abrasions of the 
lips, and syphilis has been often communicated in this manner. It has 
been proposed that each man should have his own mouth-piece, which can 
be instantly applied to the common tube. Where this has been tried in 
France, the workmen have abandoned it from dislike, and have voluntarily 
submitted themselves to medical inspection. In spite of the utmost care, 
however, syphilis is still occasionally transmitted in this way. 

The violent effort of blowing tends to produce emphysema, and heart 
disease and Bright's disease are common. 

Forgemen and puddlers, who handle immense masses of metal and 
heavy tools, have frequent occasion for extraordinary muscular effort, and 
hypertrophy of the heart is said to be common among them as a conse- 
quence. 

Dyers, being exposed to wet and to an habitual temperature of about 
100° Fahr., are liable to catarrhs and rheumatism. The fluids in which their 
hands are immersed produce cutaneous eruptions, generally eczematous, 
and ulcerations or fissures of the hands and fingers. 

Laundresses suffer somewhat from exposure to a high temperature, 
and are apt to be anaemic. Vernois has noticed an habitual luxation of 
the left thumb backward, as a result of its constant use in holding cloths 
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firmly on the ironing-board. According to Tardieu, all the fingers of 
the left hand can be bent backward to a remarkable extent. 

2. Over-use of certain Orgajts. 

a. Occupations involving over-use or abuse of the nervous system. 

It is generally believed, and probably with reason, that men of the 
present age spend too much time in exhausting labor, and too little in re- 
cuperation. However this may be, there are certain occupations in which 
the wear and tear of the nervous system is very great. The character of 
the occupation is such that the attention is almost necessarily fixed upon 
it during the whole of the waking hours, and the constant tension with- 
out relief causes a waste of nerve force which the hours devoted to sleep 
are not always long enough to repair. To the actual expenditure of nerve- 
force in intellectual labor is added the most exhausting of all functional 
disturbances, viz., " worry," a disturbance which probably implies a pro- 
found and wide-reaching molecular disorder in the brain, for it is more 
frequently followed by insanity than any other cause excepting positive 
lesions. This condition of molecular instability, or " worry," is due to 
the fact that the occupations referred to have to do with contingent 
events almost entirely, so that the normal placid current of nerve-force 
common to those who know every day what they have to do and do it, is 
utterly impossible. 

The exhaustion brought about by this continual waste of nerve-tis- 
sue and unceasing molecular conflict, so to speak, is not only a source 
of danger, but of suffering. To obviate the ill-effects of an irregular and 
unnaturally wearing life, stimulants are too often resorted to, whioli sup- 
ply for a time an artificial strength, until finally there comes a complete 
breaking up, and the poor man dies, or lingers the mere wreck of what 
he once was. 

The persons who fall more immediately in this category are brokers, 
merchants, and gamblers. The latter risk their health still more by ir- 
regular hours and night-work. Brokers and merchants, in large numbers, 
hurry themselves into a dyspepsia by bolting their meals and gulping 
down hot drinks as if for a wager. No more saddening and ludicrous 
sight combined can be seen than a lunch-counter in the business part 
of New York from 12 till 2 p.m. One can pick out almost unerringly 
among the struggling crowd those who already begin to feel the results 
of their unwholesome way of living, and those who are on the brink of 
collapse. 

The advice to be given to such men is already trite. It is simply 
moderation. Don't work so hard, nor eat so fast, nor worry so much. 
Such advice does no good, for it is never heeded. The scramble goes on, 
the weak ones are soon weeded out, and a few who are more robust and 
more cautious than the rest reach a ripe old age. 

Physicians are exposed to many special causes of disease and death. 
Their duties toward their clients are of the most wearing kind. No per- 
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son outside the profession can appreciate the weight of responsibility 
a medical man often assumes Avhen a patient's life is in the balance. 
This responsibility and the anxiety resulting from it would be heavy 
enough if it were only a matter of bread and butter to him, a matter of 
retaining or losing a patient, of professional success or failure. But the 
cares of all the relatives and friends are often thrown upon him, family 
secrets are communicated to him, women come for worldly advice — in 
short, he must often be not only physician, but confessor. Besides his 
constant mental anxiety, he lives under the most unhygienic conditions 
physically. His time is never his own. His sleep is interrupted ; he 
must work by night as well as by day ; he is expected never to plead 
fatigue, and the hour of his meals is the very hour selected by many per- 
sons to consult him. The life of a physician in large practice cannot be 
paralleled for irregularity in every respect. 

Add to this that he is constantly exposed to contagious disease, and 
that frequently when he is fatigued and hungry, and that he often risks a 
rapid and awful death by the inoculation of poison from dead bodies in 
autopsies and dissections, and we have an array of morbific agencies 
acting upon his system with more or less persistency that is positively 
appalling. 

And all of these destructive agencies do their work finally. This is 
shown by the stern statistics of the mortality lists in countries where 
they are carefully kept. In England the average age of physicians at 
death is given as 45. Old physicians are rare. In war the number of 
deaths among medical men is startling. During the Crimean war, while 
the general mortality among officers of all grades was 14 in 100, the 
surgeons who died of sickness and various accidents numbered 18.22 in 
100. In the same war typhus fever took off 0,47 per 100 officers of all 
grades, and killed surgeons at the rate of 12.88 per 100. In the Mexican 
campaign of the French army, up to January 12, 1864, the expeditionary 
corps had lost 4 in 100 of officers, and 20 in 100 of its surgeons (Layet). 

And for all these risks the reward is trifling, Beaugrand truly says : 
" Let physicians be devoted even to the sacrifice of life, as happens in 
epidemics and in the treatment of contagious diseases, so that they 
Justify the adage, ' Aliis inserviendo consumuntur, aliis medendo mori- 
untur,' what will be their reward ? The ingratitude and forgetfulness of 
the patient, the eternal jokes of the story-tellers and the farce-writers, 
and finally the very last insult — the ass's kick, a newspaper penny-a-liner, 
a philanthropist of the bar-room and the stage-wings, will condescend 
from the height of his own moral incompetence to give them lessons in 
deontology ! " 

In tea-tasters the nervous system becomes curiously affected. The 
number of experts in this business is small, and they taste enormous 
quantities of tea in the following manner: boiling water is poured upon 
the samples, and the decoction placed in small cups set in a row. The 
tasters, passing from one cup to another, sip the fluid, merely retaining it 
in the mouth long enough to form a correct judgment of its quality, and 
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then spit it out. The tea is never swallowed by them, and still the amount 
of thein absorbed by the mucous membrane of the mouth is sufficient to 
produce in time well-marked and well-recognized effects, viz., muscular 
tremblings, which increase until the occupation has to be given up. It is 
said that persons can rarely follow it longer than seven or eight years. 

b. Occupations involmng over-use or abuse of the eyes. 

These are occupations in which minute objects have to be critically 
scrutinized, and frequently by artificial light. The objects, in order to be 
seen distinctly, must be brought quite near to the eye, and this necessitates 
a strong effort of accommodation. In this effort the eyeball is compressed 
somewhat by the muscles, and there is some congestion of its vessels in 
consequence. The congestion thus caused is increased by the use of 
artificial light, in which there is an excess of heat-rays and of yellow 
light-rays, both of which are trying to the eyes. The continued exposure 
to such conditions may cause hyperasmia of the retina, or of the choroid, 
with sparks and muscjB volitantes before the sight, slight lachrymation, a 
feeling of dryness of the inner surface of the lids, sometimes dimness of 
vision as if a mist were before the eyes, and quite severe neuralgia in the 
orbit. 

Engravers^ lapidaries^ watchmakers and seamstresses are particularly 
subject to affections of the eyes due to the causes above mentioned. They 
also lead a sedentary life, and sit at their work in a very constrained at- 
titude, with the body bent forward and the shoulders rounded, so that the 
thoracic movements are considerably interfered with. Accordingly they 
are all liable to phthisis, the cases of this disease among engravers and 
seamstresses being very numerous. 

Engravers are somewhat subject to functional spasm of the fingers, 
and to antesthesia of the skin of the hands and forearms, with occasionally 
atrophy of the interosseous muscles (Layet). 

Watchmakers who repair watches have the nail of the right thumb 
considerably thickened and scaly from their manner of opening watches. 
The nails of the thumb and index of the left hand present, at the points 
where their borders correspond in approaching each other to hold delicate 
pieces, a worn appearance and almost complete destruction, produced by 
the constant rubbing of the file (Tardieu). 

Seamstresses are sometimes poisoned by the stuffs with which they 
work. Numerous instances have occurred of arsenical eruptions in those 
who sewed green tarlatan, which is colored with arsenical salts (Prof. 
Nichols, of Boston, found 8.21 grains in one square foot of it), and itching 
with an eczematous eruption has been produced by tissues colored with 
the vivid aniline dyes. Silk thread is also sometimes soaked in the acetate 
of lead to increase its weight, and seamstresses, who frequently pass it 
through the mouth and bite it off with their teeth, have suffered from 
lead-poisoning in consequence. 

The influence of sewing-machines on the health of women has been dis- 
cussed by Gardner, Guibout, Vernois, Down, Decaisne, and Espagne, with 
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conflicting arguments and evidence. Guibout it was who asserted that 
the constant rubbing of the thighs in working the treadle produced sexual 
excitement, followed eventually by leucorrhoea, uterine congestion, and 
general debility with anjemia. His observations were made, however, 
upon a limited number of cases, and have not been supported. The most 
elaborate investigation was that of Decaisne, who examined in all G61 
women. He found that young women, when they first began working 
with the machine, suffered very much from muscular pains and fatigue in 
the lower limbs, and often in the loins. Many were anajmic and dyspeptic, 
but not in greater proportion than other seamstresses. A large number 
had uterine disorders, but most of these confessed that they antedated 
their present employment. In short, the symptoms noticed or complained 
of were chiefly to be referred to their previous condition, their manner of 
living, diet, etc., or to unusual muscular exertion, and the latter generally 
disappeared to a considerable extent as the work became habitual. Much 
the same conclusions were arrived at by Dr. A. H. Nichols, who prepared 
an exhaustive paper on the subject for the Massachusetts Board of Health 
Report for 1872. 

On the other hand, Layet says: " We think ourselves that the use of 
'sewing-machines' has really an injurious effect only on professional seam- 
stresses, who are especially devoted to this work in the great clothing- 
houses. But, after a first period of fatigue and excitement, to which suc- 
ceeds an apparent habituation, we have always observed anaemia, dyspep- 
tic and nervous troubles, and a marked enfeeblement of the innervation 
of the lower limbs, and we are not far from believing in a trophic change 
of certain regions of the spinal cord ! " 

Hirt considers it certain that the females who work with the sewing- 
machine suffer from disordered menstruation and sexual irritation. He 
quotes from Seligmiiller a case of neuralgia, apparently due to the same 
cause, in a woman who had worked daily for four years sewing leather on 
a machine. Pains began in the tarsus of the right foot, and gradually 
spread, increasing in intensity, to the tuber ischii. When running the 
machine she was worse. The limb was not tender anywhere, electro- 
muscular contractility was decidedly lowered, and electro-cutaneous sen- 
sibility rather increased. Abandonment of the use of the machine alone 
afforded relief. 

Writers in general agree that moderate work on the sewing-machine, 
for three or four hours a day, is rather beneficial to the health than other- 
wise, and it is only in large workrooms, where the girls work at the treadle 
for eight or ten hours, that evil results are apparent. It seems to me 
clear, therefore, that the chief cause of their troubles is fatigue, which, 
with their habits of life, food, associations, etc., fully accounts for the 
symptoms. As to the assertion of Guibout relative to the sexual excite- 
ment produced by the friction of the thighs, it is difficult to see why it 
should not occur in those who work three or four hours as well as in 
those who work eight or ten ! 

As the health of women is, on the whole, more important to the na- 
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tional vigor than that of men, special care should l)e taken to guard it. 
It is better, then, that sewing-machines should be worked by some 
other motor power than the muscles of women, and, w'hen practicable, 
steam or water should be used. In almost all large establishments in New ' 
Vork the machines are worked by steam, and the only harmful conditions ■ 
attached to the occupation are the confinement, the cramped position of 
the thorax, and the strain upon the eyes. 

c. Occupatio)is expostjif/ 2>&fsons to over-use or abuse of the vocal 
organs. 

Those who use the voice a good deal, who are obliged by their occu- 
pation to speak in loud tones for hours at a time, and frequently in an 
impure atmosphere, are apt to suffer from the strain. Such persons are 
actors, clergymen, public singers, and public speakers. The most com- 
mon disease produced is follicular pharyngitis, known as " clergyman's 
sore throat " (Green), due partly to the rapid evaporation from the nm- 
cous surface while the air passes over it when the mouth is open, and 
partly to actual mechanical irritation by the air-current. The vocal 
cords are sometimes implicated, and become congested and thickened, 
and occasionally there is even paralysis and resulting aphonia. 

d. Occupations exposing /persons to over-use or abuse of certain 
muscles. 

Athletes, prize-fighters, gymnasts, wrestlers, etc., undergo at irregular 
intervals tremendous muscular exertion. As a result of these efforts, or 
of their usual irregular habits of life, or of both combined, such men are 
usually short-lived. Many of them have emphysema and heart disease 
(hypertrophy), and a large proportion eventually die of phthisis. 

Persons who perform delicate operations with the fingers, which it has 
required long practice to learn and which are frequently repeated, suffer 
sometimes from what has been called " writer's cramp," because it was 
first noticed in penmen. It occurs in writers of all classes, pianists, vio- 
linists, engravers, seamstresses, telegraph-operators, and many others. 

Musicians who play on wind instruments are very subject to emphy- 
sema (vesicular), on account of the strain brought to bear on the lungs by 
the thoracic muscles, while the expulsion of the air is hindered. 

3. COXSTRAIXED ATTITUDE. 

When persons are obliged to remain for a long time in one position, 
changes in nutrition or in functional activity are induced. When this 
fixed position is a standing one, without any alternation of muscular 
action by which the venous current in the lower limbs may be assisted, 
varicose veins are apt to result, and sometimes eczema and ulcerations. 
When the position during labor is a sitting one, hemorrhoids are caused, 
probably by the congestion of the hemorrhoidal plexus due to the contin- 
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ued warmth of the parts, and the eostiveness attendant upon the lack of 
muscular exercise. 

Printer's^ including compositors and jiressmen., are generally pale and 
unhealthy in appearance. The characteristic anaemia is largely due to the 
bad ventilation of the rooms in M'hich they work, to their lack of exercise, 
and, in the case of pressmen, to the heat of the press-rooms. Compositors 
frequently suffer from dyspepsia and diarrhoea, and also from bronchial 
catarrh and phthisis. According to Tardieu, twenty-five in one hundred 
die of the latter disease. Pneumonia is common among them, and is 
likely to be severe. Their habit of putting type in the mouth leads to 
the formation of cracks and fissures of the lips, and small tumors on the 
inner surface caused by the obliteration of the mouths of follicles, which 
sometimes ulcerate and form painful sores. Lead-poisoning is very rare 
among them, but there are occasional cases of " professional cramp." 

Pressmen are said to suffer frequently from varices and heart disease. 

Coopers, from the moisture of the rooms in which they work, are 
liable to contract bronchial and intestinal catarrh, and rheumatism and 
sciatica are common among them. They are liable to injuries of the hands 
and fingers, and wounds from splinters are apt to cause panaris. Serous 
bursje in front of the knee (housemaid's knee) are frequent, as a result of 
the pressure of the knee againt the barrel to hold tlie staves in place. 

Carpenters and cabinet-makers are extremely subject to varicose veins 
of the lower limbs. Carpenters frequently have hernia, and cabinet-makers, 
according to Layet and Koblank, are especially subject to varicocele. 
Injuries by their tools and splinters of wood are common among them, and 
they suffer more than the average population from phthisis and other lung 
diseases. 

Shoemakers, as a rule, work under very bad hygienic conditions. The 
workrooms are badly ventilated — often small shops; they sit in a con- 
strained position all day long, with body bent forward and shoulders 
rounded, and often extend their hours of labor into the night. Constipa- 
tion and hemorrhoids are frequent among them; and Layet, in those who 
entered the army, often found eczema of the scrotum, which they all 
attributed to the dust from the leather. Lumbago and muscular pains in 
the legs are common, and there is a marked predisposition to phthisis. 
Corvisart and Merat consider them especially liable to chronic gastritis 
and gastric cancer. 

According to Tardieu, the pressure of the last on the breast produces, 
in spite of the leather apron, a depression of the thorax at the level of 
the chondro-sternal articulation of the sixth, seventh and eighth ribs, im- 
mediately above the ensiform cartilage. The sternum shows at this point 
a deep hollow, regular, circular, very clearly circumscribed, but not ac- 
companied by general distortion of the thorax. The thigh on which the 
lapstone is placed shows a flattening of the skin, and especially of the 
hair-bulbs, which are obliterated so that the surface is smooth. Accord- 
ing to Hirt, the jjeculiar sternal marks are common, but not constant, as 
Tardieu claims. 
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Hirt sugg'ests that the solitary character of the work of shoemakers 
leads them to meditate a great deal, and occasionally produces great 
thinkers, like Jacob Bohme, Johann von Leyden, Hans Sachs, and others. 
This tendency makes many of them insane. And he quotes Halfort as 
saying that the Meistersdiiger of the middle ages were principally from 
the ranks of shoemakers, tailors, flax-weavers, etc., which may be called 
contemplative trades. 

Tailors labor under much the same hygienic conditions as shoemakers. 
Their shops are small, often badly ventilated, and they sit all day cross- 
legged on a bench, bending over their work, with contracted chest and 
straining eyes. They are almost all anaemic, and furnish a large annual 
contingent of the deaths by phthisis. According to Hannover, this dis- 
ease causes forty-eight per cent, of the deaths among them, but this pro- 
portion is probably much too high. Meditation at their work produces 
occasional insanity (Hannover). The use of the needle produces slight 
injuries of the fingers, which are sometimes followed by panaris. There 
are also cases of " professional spasm " among them. 

Their attitude at work makes them round-shouldered, and the crossing 
of the legs on the bench develops bursjc over the external malleoli and 
the head of each fifth metatarsal bone. The circulation in the lower limbs 
is interfered with, and the muscles finally become flaccid and atropliied. 
There results a remarkable enfeeblement of the cutaneous sensibility in 
the thighs and legs, and a certain difficulty in walking. Sciatica and 
lumbar neuralgias are common. 

Salesmen and salestoomen, who stand all day behind the counter, are 
subject to varicose veins of the lower limbs, and the women to uterine ir- 
regularities and anaemia. They frequently complain, too, of pains in the 
soles of the feet, the cause of which is not perfectly clear. Hirt has never 
been able to satisfy himself that \)a.ms of this character are ever caused by 
over-standing, but quotes from Marchant (Gaz. des Hopitaux, 52, 1875), 
who relates the cases of three policemen who suffered from pains in their 
feet, and one of them had to give up his position on account of them. I 
have myself seen several cases, all in shop-girls, and have been disposed 
to attribute the pains to the tension of the ligaments binding the bones of 
the tarsus on the under side of the arch of the foot. 

4. Sedentary Life. 

Artists, clerks, lawyers, literary men, students, teachers, are liable to 
all the evils that flow from a life too much devoted to cerebral activity at 
the expense of other organs. While the vigor of the brain is undoubt- 
edly increased by this exclusive and persistent activity, the vegetative 
functions of the body are carried on with less regularity and less certainty 
than in persons whose bodies are better taken care of. Trouble first shows 
itself in the digestive apparatus. Digestion is slow, with eructations and 
some uneasiness in the epigastric region, and the bowels are constipated. 
Many become dyspeptics, and the sluggishness of the portal circulation, 
aided perhaps by the warmth of the parts from long sitting, results in hemor- 
VoL. II.— 5 
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rhoids. The debility that comes from their inactive mode of life leads 
many of this class to the use of stimulants, eitlier tea, coffee, alcohol, or 
even opium. Where this practice is once begun, it is apt to become a 
habit not easily broken, and adds its potent influence to those already 
noted in breaking- down the health. 

lAterary men in particular are apt to become insane. Even if not 
actual lunatics, so that they require the constant care of friends, they often 
suffer from hallucinations and fits of melancholy, which indicate nutritive 
disturbances in the brain. These symptoms, to be sure, are frequently the 
result of hereditary tendencies, but their development is hastened and 
expanded by their mode of life. A comparatively' large proportion of 
men who lead sedentary lives suffer from urinary difficulties — generally 
gravel — as they grow old, and many of them finally die of apoplexy. 

The habitual use of the eyes on minute objects, by artificial light, tends 
to produce asthenopia. In an analysis of 1,0G0 cases of this affection, 
by Dr. C. R. Agnew, the preponderance of persons of this class is very 
plainly shown. Thus, out of 380 male asthenopes whose occupations were 
noted, there were 154 students, 34 clerks, 29 lawyers, 18 bookkeepers, 6 
teachers, 3 writers, and 3 editors — more than two-thirds of the whole 
number; and of 142 female asthenopes whose occupations were noted, there 
were 7G students, 19 teachers, and 2 writers — also more than two-thirds 
of the whole. 

The proper mode of life for persons of sedentary habits would, of 
course, involve a more suitable apportionment of hours for bodily and 
mental exercise. The impairment of the sight should be guarded against 
by the correction of errors of refraction or accommodation, where they 
exist, and the shading of the eyes and use of tinted glasses when working 
by artificial light. 

III. 

Occupations involving exposure to mechanical violence. 

Since the discovery and practical application of the power of steam, 
the multiplication of machinery has vastly increased the number of 
serious accidents in the civilized world. There are also certain oc- 
cupations which have always involved more or less risk to those who fol- 
low them, and a third class in which the workmen are exposed to a 
change in the density of the medium in which they labor, so that this 
heading naturally includes mechanical violence due to machinery ^ that 
caused by preventable accidents, and that due to variations in atmos- 
pheric pressure. 

1. Occupations exposing persons to injuries from machinery. 

The persons who are most exposed to accidents of this kind are fac- 
tory operatives, macltinists, and railroad employes. In the first two 
classes the injuries are usually due to the carelessness of the person in- 
jured, whose dress or hair, or sometimes tho limbs, are caught by running 
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belts, revolving shafts, cog-wheels, and the like. A large proportion of 
these injuries end in death, as they are of the most serious character, 
often causing lacerated wounds of the most horrible sort. 

The ratio of deaths from this cause is not so large as to affect very 
much the death-rate of a community, and yet the number is very con- 
siderable. In Lille, from IS-iG to 1852, for every 1,000 who worked with 
machinery driven by steam, principally in spinning-mills, there were 
twelve serious accidents. In England, where such records are kept with 
more accuracy than elsewhere, in 1875, out of 2,540,789 factory hands, 
C,562, i. e., 2.6 per 1,000, were injured. According to the United States 
census of 1870, 3G deaths were caused in that year by machinery in New 
York State, and 10 in Massachusetts, the total number of hands em- 
ployed in manufacturing industries being respectively 351,800 and 
279,380. This is a ratio of 1.02 in 10,000 for New York, and 0.35 in 
10,000 for Massachusetts. In the whole United States there were 420 
deaths by machinery out of a total of 492,203, or .85 in every 1,000. 

The parts of the body most frequently injured are the upper limbs, as 
would naturally be expected, as they are most often in contact with the 
machinery. In France, according to Loiset, the relative frequency of in- 
juries is 87 per cent, in the upper limbs, 7.5 per cent, in the lower, and 
0.5 in the head and trunk. That they are largely due to sheer careless- 
ness is shown by their greater frequency among children, who are not 
only ignorant, perhaps, but heedless of danger. The relative frequency 
of accidents according to age is as follows : 41 per cent, in persons under 
15 years of age ; 30.4 per cent, in those from 15 to 25 ; 13.1 per cent, 
from 25 to 40; and 9.5 from 40 to GO. The marked preponderance of in- 
juries in the early ages is partly accounted for undoubtedly by the greater 
number of hands employed at those ages. 

In order to prevent accidents as far as possible, the dangerous parts 
of machinery should be guarded by railings, boxes, or Avire-netting, so 
that even the grossest carelessness should not have bad results. The 
clothing of persons who work with machinery should be close-fitting, and 
all flying aprons, sashes, etc., be discarded. Operatives should also be 
verbally admonished of the extent and character of the danger insepar- 
able from their work when they first enter upon it. 

Bailroad employes are exposed to the danger of accidents, and also 
to various disorders of the nervous and circulatory systems, produced by 
the constant jarring to which they are subjected, and, in the case of engi- 
neers and firemen, by the vicissitudes of the weather. 

Varicocele is very common among engineers and firemen — so com- 
mon that Layet affirms that there is not one among them who does not 
early feel the necessity of wearing a suspensory bandage. According to 
Duchesne, their health is for the first few years of their service very 
much improved, and many of them gain flesh. But, to use his expres- 
sion, they are, as a rule, tired out at the end of ten years, sufferers at the 
end of fifteen, and after twenty years can rarely continue in the service. 
In certain cases there is a notable diminution in the faculties of sight and 
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hearing, and dull, continuous, pei-slstent pains in the lower limbs, with 
feebleness, rendering walking and standing upright tiresome and difficult. 
These symptoms lie attributes to an affection of the spinal cord, produced 
by prolonged standing and the constant vibration of the locomotives. 

Railroad accidents kill a considerable number of employes as well as 
of the travelling public. The number of such injuries is large in every 
country. Layet gives the following figures for France from 1854 to 1809: 





Killed. 


Wounded. 


Total 




324 


2,508 


2,832 




2,154 


9,754 


11,908 


Others 


1)91 


1,070 


2,007 








10,807 



In England, on an average, 130 railroad employes are killed yearly, 
or 1 out of every 434 (Oesterlen). On the Breslau-Schweidnitz-Freiburg 
Railroad, in the five 3- ears from 1873 to 1877 inclusive, 1,014 men were em- 
ployed on trains. Of these 21 were injured, i. e., 13 in a 1,000, and 0 of 
them died of their injuries. The statistics on this subject are too incom- 
plete in this country to give much information; but in 1870, out of 492,- 
203 deaths in the United States, 1,582 were reported as caused by railroad 
accidents. 

Owing to their exposure to the weather and to strong draughts of air, 
engineers are liable to rheumatism and pneumonia. 

2. Occupations expos Imj persons 10 injury from preventable accidents. 

This heading might properly include a large number of occupations, 
but the most of them have been already mentioned elsewhere. X/umber- 
inen are liable to injury from falling trees, colliding logs in the streams, 
etc., and also to acute pulmonary diseases and inflammatory rheumatism 
from exposure to the wreath er. 

Quarrymen are liable to injuries of the most serious nature from fall- 
ing stones, and are said to be subject to heart disease from the tremendous 
muscular efforts they are often called upon to make. 

Hoofers often have vertigo, and are sometimes compelled to abandon 
their trade in consequence of it. They furnish an unusually large pro- 
portion of accidental deaths. Lombard (of Geneva) states that 27 in 100 
of the deaths among them are due to accident. From the habit of kneel- 
ing at their work, they sometimes have serous burste over the knee (house- 
maid's knee). 

3. Occupations exposiny persons to injury from variations in atmos- 
pheric pressure. 

As all the functions of the human body are so related to each other as 
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to act harmoniously under tlie ordinary atmospheric pressure at the sur- 
face of the earth, when this pressure is diminished or increased an element 
of disorder is introduced and morbid phenomena appear. The first evi- 
dence of the effect of the changed conditions occurs in the ears, where 
the normal equilibrium of pressure on both sides of the membrana tympani 
is destroyed. After this the circulation and respiration are affected, and 
finally the nervous system. 

Aeronauts pass with rapidity from a denser to a lighter medium. 
There is a diminution of external pressure, and consequently what may be 
termed an eccentric expansion of the fluids and gases of the body. The 
greater rarity of the air causes less oxygen to be inspired with every 
breath and the altered pressure changes the conditions of osmosis. The 
respiration therefore is hurried and there is often hemorrhage from the 
mucous surfaces and sometimes syncope. Ruptures of the membrana 
tympani not seldom occur. 

Bert has recommended that aeronauts always take a supply of oxygen 
with them, in order to make up for the diminished proportion taken in 
with the breath, and the plan has been adopted in France with success. 

Caissoii-iooi'kers labor in compressed air, and the conditions ai*e there- 
fore the reverse of those just described. The inspired air contains more 
oxygen than is taken in with normal air, and the increased pressure 
causes a greater absorption of it by the blood. Peculiar symptoms are 
produced, which have been grouped and described as a special disease, 
termed "the caisson disease," by IJr. A. H. Smith. He defines it as "A 
disease depending- upon increased atmospheric pressure, but always de- 
veloped after the pressure is removed. It is characterized by extreme 
pain ill one or more of the extremities, and sometimes in the trunk, and 
which may or may not be associated with epigastric pain and vomiting. 
In some cases the pain is accompanied by paralysis more or less complete, 
which may be general or local, but is most frequently confined to the 
lower half of the body. Cerebral symptoms, such as headache and vertigo, 
are sometimes present. The above symptoms are corniected, at least in 
the fatal cases, with congestion of the brain antl spinal cord, often result- 
ing in serous or sanguineous eft'usion, and with congestion of most of the 
abdominal viscera." 

These symptoms are more likely to occur in men of full habit, in those 
who drink, in those who are new to the work, and in those who enter 
the caisson with an empty stomach. 

The morbid phenomena are attributed by Dr. Smith to the congestion 
of the internal viscera produced by the actual mechanical pressure on the 
surface of the body, and the slow recovery of tone by the distended capil- 
laries after this pressure is removed, so that the effete blood produces dis- 
turbances of nutrition. 

Paul Bert attributes the more serious symptoms to the disengagement 
of bubbles of nitrogen at the moment pressure is removed, the oxygen of 
the air remaining in combination in the blood. These bubbles of nitrogen, 
by his theory, produce what might be called aerial or gaseous emboli, and 
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in this way alter the nutrition of parts. But, as Dr. Smith pertinently 
observes, this bubble theory does not account for the facts that the symp- 
toms are sometimes not developed until some minutes or even hours after 
leaving the caisson, and that persons, after habituation, obtain immunity 
from the disease. No person certainly could become accustomed to gase- 
ous emboli ! 

To prevent as far as possible the evil effects of working in compressed 
air, Dr. Smith recommends that the same men should be retained during 
the whole work; that new hands should not work full time; that the hours 
of labor should be shortened as the pressure is increased, i. e., the ordi- 
nary atmospheric pressure being fifteen pounds to the square inch, under a 
pressure of thirty pounds the men should work only half as many hours in 
the day; that men of wiry frame should be selected for the work; that the 
air-locks should be at the top of the caisson, so that the men may not have 
to climb after coming out; that sufficient time be allowed for coming out 
through the lock (three minutes for each additional atmosphere of pres- 
sure, and five on coming out) ; that the air in the caisson be kept as pure 
as possible; that the men never enter it fasting; that they put on extra 
clothing on coming out, and keep as quiet as possible for an hour after- 
ward; that they avoid intoxicating liquors, sleep at least eight hours 
every night, never enter the caisson if sick, and report the very first 
symptoms for treatment. He also speaks favorably of a meat diet, and 
recommends the use of warm coffee. 

Divers are exposed to the same dangers as the caisson-workers, but in 
a less degree. 

Holler -makers, especially those who work" inside of the boilers, are 
very liable to become deaf from the incessant din. The deafness is un- 
doubtedly caused by the continuous shocks imparted by the air-waves to 
the tympanum; but whether the resulting disease is wholly nervous, or is 
due in some degree to disease of the conducting apparatus, is uncertain. 
Dr. Roosa, in his work on Diseases of the Ear, states that the lesion in 
such cases must be sought for in the labyrinth, and is probably due to 
concussion of the fibres of the nerve in the cochlea and semicircular 
canals. But he adds that deafness from concussion, without an affection 
of the tympanic cavity, is very rare. Dr. Buck, in a personal communi- 
cation to me, gives a similar opinion, and says that he has noticed, in a 
majority of cases that have come under his observation, decided milkiness 
and thickening of the membrana tympani, indicating chronic catarrh. 
Layet speaks of a case seen by him, in which the man could only hear in 
the midst of a tremendous din, and at other times complained of constant 
roaring in his ears. These symptoms, attributed by him to labyrinthine 
disease, seem much more like those of chronic catarrh of the middle ear. 
( It is rather singular that, although boiler-maker's deafness has been 
accepted as a fact, Hirt is sceptical regarding it, and considers it a very 
rare occurrence. It would in any event be advisable for the men who 
work at riveting boilers to stuff cotton in their ears, to diminish the force 
of impact of the sound-waves. 
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The following table is made up by combining two of Hirt's tables in 
one. Although statistics with regard to the effect of occupation on 
health are as yet meagre and in general unreliable, owing to various 
causes which are elsewhere considered, this table will be found more valu- 
able than some, because in nearly half the list the total number of obser- 
vations is recorded, and the proportionate frequency of each disease, so 
that, imperfect as these records are, they can serve as a basis for future 
investigation, and make a valuable addition to any facts obtained by 
other workers in the same field. 



Trade. 


Whole number treated. 


Percentage suffering from | Mortality. 


Average duration of 
life, in general. 


s 

Ph 


Chronic bron- 
chial catarrh. 
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SITUATION AND CHARACTER OF CALLOSITIES AND BURS^ PRODUCED 
BY THE PROSECUTION OF VARIOUS OCCUPATIONS. 



Calxosities. 
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RopemakeiB . 



Seamstresses 
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Occupation. 
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SECTION T. 

ON CAMPS IN GENERAL. 

The Regular Army of tlie United States is so reduced in size as to 
require hard service on the part of its components to accomplish its every- 
day work creditably. In the event of war — our Indian troubles are sel- 
dom dignified by that name, although the troops engaged in the effort to 
suppress them find it very real war indeed — with a foreign power, it would 
be unavailable as an instrument of offence or defence. But it would serve 
as the nucleus on which the martial spirit of the country would crystallize 
into a solid whole capable of being hurled with effect upon the enemy. 

Our citizens form the mass of the army when on its war-footing, and 
the ranks of the profession in civil life furnish its medical staff. Viewing 
his professional brethren therefore as possible army surgeons, the writer 
has preferred to discuss the principles of Camp Hygiene from the military 
standpoint, as it oversees the whole field and includes all temporary set- 
tlements such as sunnner resorts, refugee camps, etc, in which the civilian 
is more especially interested. 

The popular idea connects the chief duty of the army surgeon with 
the battle-field and its scenes of suffering and death. This is natural, 
the mind being attracted by the sensational and catastrophic: the defiant 
shouts of opposing lines, the rattle of musketry, the gallant charge amid 
the thunder of artillery, with death stalking red-handed from front to 
rear, contribute to the popular battle-picture; and in this the services of 
the surgeon can be idealized. But, while battles are not of every-day oc- 
currence, death breathes his venom over the camp in a steady stream, 
making the weak fall and the strong weak, should the hygienic govern- 
ment fail to counteract its influence. There is no noise in this conflict, 
and, though more deadly than the other, it seldom attracts the public at- 
tention. 

Even the professional mind is liable to run from military surgeon to 
military surgery, forgetting, in the " fine field for operation," that for one 
soldier who dies in or after the battle, there are tioo who fall victims to 
disease; and for one who is discharged for disability from wounds, there aro 
Vol. U.— 6 
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three who linger out a shortened and disabled existence as the wounded 
in the battle with disease. 

The statistics of our late war give as the number 

; ■••«'^38i 

Died of wounds 49,20o ) 

Died from disease 180,216 

Discharged on account of wounds 48,374 

Discharged on account of disease 130,584 

It is the surgeon's duty to treat the individual cases ; but it is his 
greater duty, as guardian of health, to prevent their occurrence. 

Military hygiene is by no means a product of our advanced civilization. 
Its principles were known to the Romans, who were guided by them in 
laying out their camps, in the selection and change of site, in the protec- 
tion of the soldier from injurious influences, and in the establishment of 
hospitals for his treatment when prostrated. 

But the wave of barbarism which swept over Europe on the fall of the 
empire left not camps only, but the nations of the world, a prey to plagues 
and pestilence. 

Gradually science revived, and, struggling with disease, gained steadily 
generation by generation until to-day, when theorists can plan hygienic 
governments in which disease has no foothold, and practical men, following 
their plans as closely as the trammels of custom and the condition of things 
will permit, have effected much good by their arrangement of the new and 
adaptation of the old. 

But the progress has been slow even in these later times. Dr. Jackson 
condemned double-tiered bunks in the early part of this century; yet Dr. 
Billings, writing in 1870, says : ' " A point in which our service is behind 
the age, and an evil which should be put an end to with the least possible 
delay, is the use of the double bunk, usually aggravated by placing it in 
two tiers, and even, as at Fort Buford, in three." Attention thus specially 
called to the faulty sleeping arrangements had the desired effect of ban- 
ishing the emigrant-ship bunk from our barrack-rooms. 

Since the sickness and mortality in 1855, during the Crimean cam- 
paign, public opinion has become interested in the condition of the sol- 
dier and his camps, and it may be safely said that the greatest advance 
has been made during the past quarter of a century. 

The ground, once acquired, is held by nations which sustain a large 
standing army. But what toe gain in one war we lose before the next. 
With us, on account of deficient drill, discipline, and practical experience 
of camp-life, the uprising of the people for war purposes would be fol- 
lowed by a larger ratio of sickness and death in our camps than military 
nations would experience in theirs under an equally sudden call to arms. 

The perfection of the military camp requires the united action of so 
many — knowledge and discipline on the part of officers and men, efficiency 

' Circular No. 4: Report on Barracks and Hospitals, p. xvi., Washington, 1870. 
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of supply departments in the face of unforeseen emergencies, co-operation 
of those at home with those in the field, available resources in the treasury 
and disposition to use them — that it would be matter for surprise if the 
country worked its theoretical knowledge into practical forms without 
failure from the start. Observe the diminishing sick-rate in our armies 
during the first three years of the war. The wounded are not included. 

1st year, 2,983 cases per 1,000, with a strength of 279,371 men. 
2d " 2,G96 " " " " " 014,325 " 

3d " 2,210 " " " " " 019,703 " 

The system of military camping demands attention, in the first place, 
that the reader may have clear ideas of what constitutes a camp. A body 
of men have to be sheltered and fed, and if their stay be prolonged in the 
locality for more than a few hours, trenches or sinks have to be provided 
for the deposition of their excreta. Shelters, kitchens and sinks make 
the camp, and the same principles govern their arrangement, whether the 
body of men be a small detachment, a company, a regiment, or a series of 
regiments organized into brigades, divisions, and corps — in fact, an army. 

W'e can hardly be said to have a regulation camp in our service. We 
have practically changed our tents, modified our tactics, and gained much 
field experience since the Regulations of 1801, reprinted in 1863, paced 
off the distances for the laying out of military camps. Yet, as all our 
camps are based on these Regulations, they are necessarily similar in their 
main points. 

The regiment of infantry, as at present constituted, consists of 10 
companies, each of 3 officers and 51 men, making, with the field and staff 
officers, non-commissioned staff and servants, a total of about 000 men. 

The width of its camp depends on the length of the line-of-battle front 
which the command presents. The officers and five men of each company 
have positions which do not add to the frontage. The remaining 490 
men are in a double line, offering a front of 245 men, which, at 22 inches 
per man, gives the line of battle, or color-line, a length of 150 yards, or 15 
yards to each company. To this, the main factor in determining the 
width of camp, must be added the interval of 24 yards between regiments 
on the line, which gives to each regimental camp a margin of 12 yards on 
its right and left. 

The GOO men have therefore a front of 174 yards for their camping- 
ground. 

The depth is specified in the Regulations in paces from the color-lin3. 
The pace is the average step of the soldier — 28 inches. ' Ten paces in rear 
of the color-line, marked C on Fig. 1, are the tents of the men, which 

' Gordon, in his "Army Hygiene," London, 1866, gives the pace as thirty inches, 
that being the regulation step of the British soldier. Hammond confuses it with the 
yard, where, in his Treatise on Hygiene, p. 459, he says : ' ' The latrines should be situ- 
ated at least 150 yards from the tents. This is the distance required by the General 
Regulations of the Army," etc. 
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have to be pitched on a line perpendicular to it, as the frontage per com- 
pany is insufficient to admit of having them parallel. Each company is 




Fig. 1. — Regiment of infantry camped on its line of battle : Frontage, 174 yards. Depth, 
358 yards or 4fi0 paces. Area, 63,2'J3 square yards. Occupation, 600 men. Superficies per 
man, 104 square yards. 

Scale, 60 yards or 77 paces to the inch. 

disposed in two files with a street between, their tents or huts opening on 
the street. There are thus ten streets, separated by nine double rows of 
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teats, the streets on the left and right being each completed by a single 
row. Each row contains, if shelter-tents are used, about thirteen tents, 
which should be pitched so as to give the streets a length of fifty paces 
and a width of nine yards. 

When needful, for military reasons, to narrow the frontage of the 
camp, it should be done at the expense of tlie width of the streets. The 
Regulations, however, prescribe a street-width of five paces, or about four 
yards, as the maximum of condensation. Further narrowing of front 
must be effected by camping in " columns of division," where each com- 
})any is arranged in a single row along the side of one of five sti-eets — the 
streets being kept wide by diminishing their number and narrowing of 
front, in part compensated by increase of depth. 

The company kitchens, D, are in line parallel to the color-line and 20 
paces back of the rear rank of tents. The company officers are quartered 
on the line, E, 20 paces in rear of the kitchens, and on the accompanying- 
plan a depth of 15 paces is allowed for their tents, servants' quarters, and 
kitchens, F. Farther to the rear, 20 paces, are the quarters, G, of the 
field and staff of the command, and behind them, 20 paces, their kitchens, 

H, and the tents, I, of tlie non-commissioned staff. Officers' sinks, K, are 
100 paces beyond, with regimental wagons, if any, parked in the interval. 
The sinks of tlie men, B, are 150 paces in front of the color-line, and the 
advanced guard. A, 50jiaces in front of the sinks. 

Summing up these figures, it is found that the GOO men have a depth 
of 4G0 paces, or 358 yards for their camping-ground, yielding them an 
urea of 62,292 square yards, or a superficies per man of 104 square 
yards. 

When this camp is compressed by narrowing its company streets to 
4 yards, the utmost extent of crowding countenanced by the Regulations, 
50 yards are lost from its width, leaving it with a frontage of 124 yards, 
the depth remaining unaltered, and giving a superficies per man of 74 
yards. 

The cavalry j'egiment consists of 12 companies, eaeli numbering 3 
officers and 70 men, which, with the field, staff", non-commissioned staff, 
and servants place in round immbers 900 men in its camp. The regiment 
is divided into three battalions of 4 companies. As this arm of the 
service requires so much ground for its evolutions, its camps are by no 
means so crowded as are those of the infantry. The formation iiv line is 
a single rank, each company presenting a front of about 70 yards, 1 yard 
being allowed j)er horse. The front comprises also intervals of 8 yards 
between companies, IG yards between battalions, and GO yards between 
regiments. The camp width of such a command would therefore be about 

I, 000 yards — so wide, indeed, that the tents of the men can be pitched 
parallel to the battle-front instead of perpendicular, as in the infantry. 
The picket-line, to Avhich the horses are fastened, is the starting-point in 
laying out the camp. In front of it, 20 paces, is the line of company tents 
opening toward the horses; 20 paces forward are the kitchens; 150 paces 
beyond are the sinks, and 50 paces farther the advanced guard. To the 
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rear of the picket-line, 30 paces, are the quarters of the company officers, 
and from these 30 or more additional paces bring us to those of the bat- 
talion commanders, 30 or more to the tents of the commanding officer and 
stafP, and 100 to the sinks. 

These figures give a depth of 430 paces or 334 yards, making the area 
of camp 334,000 square yards, and furnishing each man with a superficies 
of 371 yards. 

With the regiment encamped in column of companies at full distance, 
the front remains as when in line, but the depth is increased by pitching 
the company tents and ranging the horses perpendicular to the line of 
battle. 

But when such an extended front cannot be afforded, the command may 
be camped on the ground it occupies when in closed column of companies, 
that is, with 12-yard intervals between companies, and 70 yards, or a com- 
pany front, between battalions. These distances, with the inter-regimental 
interval of 60 yards, and 36 yards for 12 ranks of horses at 3 yards per 
horse, give a front to the camp of 414 yards; but its depth is greater 
than that of the line-camp by about 100 yards, which have to be allowed 
for the perpendicular arrangement of the company quarters. In this camp 
each man has a superficial area of 200 yards. 

The battery of artillery on a war-footing consists of G guns — two of 
which constitute a section, 5 officers, 150 men, and about 120 horses. It 
occupies a front of 100 yards, and is usually arranged with guns in front 
and caissons in line behind them. The tents of the men are in three files 
or rows, each in rear of its section of the battery, and perpendicular to 
the line of caissons. Horses are ranged parallel to the tents of their sec- 
tion and on their left. Officers' quarters are in rear and on the right, com- 
pany kitchens in rear and on the left, of the files of tents. The officers' 
sinks are at the usual distance behind their quarters, and the men's in 
rear of the company kitchens, with the battery-wagon, forge- and forage- 
wagons intervening. The ground covered measures 100 yards by 230, giv- 
ing 143 square yards per man. 

Small commands are usually accompanied by their baggage-wagons or 
pack-mules and their hospital accommodations, which encamp in their im- 
mediate rear, like the forge- and forage-wagons of the artillery; but when 
troops are aggregated in larger masses, the wagon-trains and hospitals are 
brigaded, march with a specially detailed escort, and encamp well to the 
rear and wholly disconnected by distance from the camps of their regiments 
on the line. 

Since the Crimean war much attention has been drawn to overcrowding 
of surface in military camps. Parkes and Hammond both lay stress on this 
point, and quote figures from the report of the Royal Sanitary Commission 
which give an exaggerated idea of the condition of things. It has been 
shown that in towns the proportional sick and mortality rates increase 
with the density of the population, and camps being proved to have a 
density exceeding that of our most populous cities, disease in them follows 
as a matter of consequence. Thus — 



HYGIENE OF CAMPS. 



87 



East London has a density of 175,816 per sq. mile = 17*6 sq, yds per cap. 

Liverpool parish " 138,224 " =224 " 

Manchester " 100,000 " =30-9 

Philadelphia, Pa., " 45,000 " =G8-8 

while the English regulation camps, which practically do not differ from 
those above described, are represented as having a density of from 347,000 
per sq. mile, equalling 8*9 sq. yds. per man, to 064,000 per sq. mile, equal- 
ling 4*7 sq. yds. per man. 

But the cases are not parallel. In London, which gives 17'6 yards per 
head, every street, alley and square is included in the superficies, while in 
the 4*7 to 8*9 per soldier only the areas of the company tents and the 
streets between are computed. These areas are an important item in 
another connection — the shelter and air-space of individuals ; but when 
brought into the question of camp surface, they are liable to beget erro- 
neous ideas. Such excessive crowding within the lines of an army would 
of necessity be productive of disease. Putting aside organic emanations, 
no man could expect to inhale a thoroughly oxygenated breath. Hence, 
if it be accepted as a fact that this condition exists when troops are en- 
camped on their battle-front, disease must be admitted as the natural and' 
inevitable consequence. But if it be premised that the surface occupation 
is such as is consistent with robust health, other circumstances being 
favorable, the occurrence of disease must be regarded as indicating some 
point overlooked in the hygienic government, which must be discovered 
and remedied. Nor can stress be laid on the evils of camp-crowding in 
its general sense without unduly exalting the benefits of elbow-room and 
the fresh air of the country. Yet there are squatters' camps in the West, 
with but lialf a dozen huts to as many square miles, in and around wliich 
camp diseases can be as deadly, in proportion to population, as within the 
lines of an army. 

But, instead of expressing the occupancy of a camp on an estimation 
of the company areas, it would seem proper to debit the men of a given 
regiment with as many square yards as the regimental camp-ground can 
afford them. This, as showMi above, is 104 yards, or, in the compressed camp, 
74 yards per man. 

Even this estimate is too small when the area or moving space per man 
of an army is under consideration; for, as the soldier has less space — his 
half of a shelter-tent or bunk in a squad hut — as an individual than he 
has as a member of the company, and less in the latter instance than as one 
of the regiment, so, by virtue of interspaces between brigades and larger 
intervals between divisions, the area per man of an army, as represented 
by the square mile of occupation, is correspondingly greater. 

Let a command be supposed consisting of two divisions, each of which 
has fifteen regiments organized into three brigades and supported by two 
batteries. Its strength is 18,620 men. To effect greater condensation in 
their camps, let one division be placed on the line and the other in reserve, 
with the reo-iments on their miniuuuu of front. The regimental front is 
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124 yards, space between brigades for battery 100 yards, and interdivis- 
ional interval at either end of the line 50 yards, making a frontage for 
the camp of 2,160 yards. 




ic'o VDS 500 lO'oo 1500 



Pig. 2. — Camp of an army corps in two divisions — the regiments on their minimum of front. 
Length of camp or frontage, 2,l(iO yards. Depth, l,5ii6 yards. Strength present, 18,630 men. 
Superficies per man, 182 square yards. Density per square mile, 17,020 men. 

The depth of the regimental camp has been found to be 358 yards. 
One hundred yards' space to the rear must be given to brigade cornmanders, 
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and 200 yards to division lieadquarters. An interval of at least 50 yards 
exists between the last and the advanced guard of the reserve line. Army 
headquarters are 200 yards in rear of the second division. 

These figures give 1,566 yards as the depth of the camp, and 182 
3'ards as the superficies per man. This camp is shown in Fig. 2, where 
A is army headquarters, B those of the divisions, and C of the brigades; 
a is advanced guard of the regimental lines, b men's sinks, c color-line, 
d area of men's qviarters, e company kitchens, f quarters of company 
officers, (/ field and staff, h officers' sinks — all of which have already been 
shown on a larger scale. 

"When the regiments occupy their full line of battle, the additional 
frontage would increase the space to 245 square yards per man. The for- 
mer estimate gives a density per square mile of 17,020, the latter 12,643; 
and these are the figures on which comparison with town densities ought 
to be instituted. But it must be remembered that this is a crowded camp, 
such as would only be found in the immediate presence of the enemy. In 
more permanent quarters, while recuperating or wintering, it is seldom 
that the density would be so great. 

While statistics show that disease and death bear a relation to density 
in cities, thcie is little occasion to lay the occurrence of epidemic disease 
on the mere fact of crowding their superficies to this extent. The city of 
Portland, Maine, with its 1,666 acres and 38,000 inhabitants, has a density 
per square mile of 14,612. It is favorably situated in a hygienic point of 
view, being cut olT by tlie sea on three sides from other communities, with 
an elevated site, good drainage, dry subsoil, and pure water-supply. Its 
diseases, outside of those from climatic influences and individual cachexies, 
must be imported or depend on inefficient police, errors of alimentation, 
or local crowd-poisoning in tenements. So, in the divisions supposed, if 
camped on such a site as Portland promontory, their freedom from disease 
ought to depend on exclusion of infection from without, protection from 
climatic influences, efficient superintendence of commissariat supplies, dis- 
posal of excreta to prevent contamination of soil and water, and hygienic 
supervision to counteract the tendency to localized crowding or faulty 
sheltering. 

There is nothing in the fact that from ten to twenty thousand men 
are aggregated on the square mile to imply the existence of disease in 
the camp, any more than in the city ; only that increased vigilance is 
needful in the foi'mer to counterbalance the lack of sewerage. Instances 
are numerous in the history of armies, and in the writer's personal ex- 
perience as Medical Inspector of the Second xVrmy Corps, where veteran 
regiments have camped on favorable sites during their five or six months 
of winter quarters, with the sick list a blank but for trivial cases of acci- 
dental injury and climatic or dietetic disease. 

Density of population to the extent existing in military camps has no 
direct causative influence on the inception of disease. There seems to be 
a tendency to confuse the primary crowding — if it can be said to exist — 
with tiie secondary contaminations, and to view the preventable evils 
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springing from the latter as the inevitable consequences of the former. 
But the distinction is a practical one, for on it hinges the whole subject 
of military hygiene, its underlying principle being the proven lability of 
camp diseases. 



SECTION II. 

ox THE SITE OF CAMPS. 

The selection of the camp-site is perhaps the most important point in 
military hygiene, although it is difficult to assign importance to any one 
circumstance where each is essential in its particular way. All points 
bearing on the hygiene of camps are of moment, as the strength of all 
parts of a line of battle are essential to its integrity. The camp is sur- 
rounded by enemies in the form of disease, and a break in the line of its 
hygiene, whether on the front guarded by alimentation, shelter, selection 
of site, water-supply, general or personal police, is disastrous to the 
whole. But the site has this importance, that, in the event of its insalu- 
brity, no amount of care in the sanitary government can protect from 
evil consequences. Disease may be lessened, but cannot be prevented. 

"Wood, water, and grass" are the requisites of a camp-ground, in the 
language of the military officer ; but the hygienist has in addition a sine 
qua non — dryness of soil — which must be given up only in the face of the 
most imperative military necessity. Were the maxim changed to " a dry 
soil and neighborhood," with the other requisites qualifying it, the sick- 
rate of camps would be materially lessened. Statistics are unavailable to 
sustain this statement, as the noxious effects of dampness in site cannot 
be separated from those of dampness as a climatic condition ; but when 
it is remembered that all malarial disease depends for cause on moisture 
in the soil o£ camp and its vicinity, the importance of dryness can be 
appreciated. 

Unfortunately, the choice of site on active service is often narrowed 
down to a nullity. Expeditionary columns must encamp near their line 
of march, no matter what the character of their camping-ground. They 
must camp near water, and, in our southern territories especially, it fre- 
quently happens that proximity to water and exposure to malaria are 
synonymous terms. Again, a swamp on the line of battle or around a 
besieged city, if passable to troops, must be guarded as carefully as the 
most healthful ground. Yet in these cases the driest site consistent 
with military necessity must be selected for the establishment of camp. 

But, in the formation of camps for the organization or recuperation of 
troops, or for their passive occupation, as in winter quarters, the dry site 
and dry vicinity ought to be considered imperative. 

Moist soils, under their most favorable aspect, induce catarrhs, quin- 
sies, and other internal inflammations, develop plithisical and rheumatic 
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tendencies, and, by depressing the vitality of the system, render it an 
easier prey to other morbific agencies. But it is too often the case that 
moisture in the soil gives rise to directly poisonous emanations. 

The soil consists, ni general terms, of certain rocks, supporting layers 
of their detritus, and covered over by a surface more or less thick of this 
same detritus commingled with the remains of previous generations of 
vegetable life. These organic matters, by the agency of the heat, air and 
moisture, which permeate the soil, undergo _ fermentative changes, which 
eventuate in the resolution of their complex principles into such simpler 
forms as carbonic acid and ammonia needful for the sustenance of exist- 
ing life. So nature completes her round, evolving from the dead tissues 
of former generations the pabulum of the living present. 

Vegetation is luxuriant not in proportion to the organic matter in the 
soil, but to the activity of the fermentative changes taking place in it. 
There are arid plains in the West, barren but for scattered sage-brush 
and an occasional cactus, which are rich in organic remains, and require 
only moisture to transform them into fertile fields. Ten years ago the 
fertile settlement of Phenix, in Central Arizona, was formed on such a 
plain, by turning the waters of Salt River into one of the old Aztec 
ditches and flooding the country. 

Air is constantly present in the interstices of the soil. Heat and 
moisture are climatic or local accidents which may or may not coincide in 
a given locality. Moisture may be present, but without a certain tempera- 
ture there is no great development of vegetable life. Heat, in like man- 
ner, may be present, but without moisture there is no fermentation. 

The changes which take place in the organic matter arc insufficiently 
studied, but among the products is one which is recognized as malaria. 
Its effects are familiar, and many of its habits so well understood that we 
have argument for receiving it as a gaseous or vaporous body evolved 
from the soil, or, if solid, so minutely divided that its particles are readily 
carried upward by the ascensional force of evaporation. The living vege- 
tation has nothing to do with its jDroduction or evolution, but would rather 
seem to be concerned in its destruction. Indeed, it scarcely appears to be 
advancing beyond the warrant of well known facts to regard malaria as an 
ultimate product in the series of changes going on in the soil — using the 
word xdtimate as classifying it with carbonic acid and ammonia, and indi- 
cating its competency to take part, like them, in the elaboration of new 
vegetable tissue. Before this can be admitted as fact we must know 
much more of the chemistr}' of soils and the physiology of vegetable life. 
But, in the meantime, it serves as a convenient platform on which to 
arrange the apparent vagaries of malaria, enabling us to refer the ques- 
tion of moist soils to a single principle instead of to an aggregation of 
observed facts. 

By viewing malaria as an element in the nutrition of plant-life, ex- 
haled from the soil and absorbed by the myriad pores (stomata) which 
leaves present, mostly on their under surface, we have an explanation of 
the luxuriant vegetation which usually indicates its habitat. During the 
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day, under the stimulus of light and heat, vegetable nutrition is active, 
carbon is fixed, oxygen thrown of¥, and malaria absorbed to act its part in 
the organism. Hence the comparative freedom from malarial poisoning 
conferred by sunlight. During the night, on the contrary, the plant 
sleeps, its nutritive functions are at a standstill, and the unabsorbed 
malaria envelops the foliage in a rich vapor until the morning sun rouses 
up the organism to profit by it. 

On the same principle is explained the j^revalence of disease during 
hot and dry summers after rainy springs, the leaves becoming devitalized, 
more or less desiccated, stomata shut, and absorption interfered with. So 
also the pandemics which have always coincided with hot years following 
on unusually wet seasons, floods, and inundations. 

Coasts liable to overflow from the sea are found to be pernicious from 
the destruction of the fresh-water plants which would otherwise have 
flourished and rendered them less unhealthy. 

River-bottoms and deltas have fresh soil thrown up, by inundation, to 
ferment in the sun, without a sufficiency of growing foliage to assimilate 
the emanations. 

Hence, also, barren sands with underlying moisture from impermea- 
bility of subjacent strata may be as pernicious, or more so, than a ranklv 
growing site. 

In temperate climates and in mountain valleys an unusual summer 
heat may cause such increase in the development of malaria that the 
indigenous genera are insufficient for its consumption. Thus, we have 
occasional visitations beyond the usual limits of malarial disease — for the 
limit is not marked by latitude or altitude, but by a due proportion be- 
tween decomposition and living vegetation. 

Thus, also, can we perceive the bearing of tillage in first developing, 
and after a time destroying the malarial poison. Cultivation requires in 
the first instance the destruction of the indigenous flora, which is accom- 
panied by diffusion of the unabsorbed emanations; but, in its perfection, 
it implies drainage to the extent that heat and moisture will be present 
only in the degree necessary to produce enough of the aliment for the 
growing crop. Yet, even where cultivation is well advanced, the harvest- 
ing period is liable to be one of disease; and in the best adjusted fields 
the popular voice has attached a baneful influence to exposure to the 
"night air." 

Breaking fresh ground is dangerous in another connection, which will 
be discussed hereafter. (See page 153.) 

We can thus appreciate the maxims laid down by writers on military 
hygiene: Avoid the neighborhood of marshes, river-bottoms, overflowed 
lands, deep alluvium, lands subject to occasional salt-water inundation, and 
sands, however barren the surface, if there be subjacent water. Grassy 
surfaces are usually accepted as good camping-grounds. The elimination 
is small during the night, lies low, and is completely absorbed in the early 
morning. Were the emanation greater than is sufficient for the grass, 
other and more luxuriant plants would be growing on the soil. Shrubby 
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plants are denounced as indicating dangerous ground, for the larger sur- 
face greenery indicates increased evolution, which has to rise higher before 
reaching the absorbing surface. And moreover, camp cannot be estab- 
lished without cutting a\^ay many of the shrubs, thus diffusing emana- 
tions which they would have assimilated. 

On this principle also we can perceive the utility of the belt of trees in 
protecting from malarious influences — the willows and cotton woods of 
our western streams, and the usefulness of such rapid (jrowers as the 
eucalyptus globulus, the thistle, and the sunflower. 

Moisture in the soil in its larger aspect depends on the annual rainfall 
of the section of the country^ but, as restricted to the local question of 
camp-sites, it is determined by configuration of surface, and the greater or 
lesser permeability of the superficial layers and subjacent rocks. Rain 
falling on an impermeable surface must run from it into the main water- 
courses, or lie stagnant, according to the surface configuration. On the 
other hand, if the soil is porous, more or less water will sink until it reaches 
the surface of an unabsorbing layer, where it will run off to lower levels, 
or lie stagnant, according to the configuration of its surface. Sufficient 
inclination to carry off surface water is therefore the first thing to be 
looked for — the more so as in general the incline of underlying rocks is 
indicated by that of their superficial covering. 

From what has been said it may be inferred that, in directing attention 
to the soil itself, porosity sliould be souglit, witli the bed-rock at sufficient 
depth to pi-event the water upheld by it from influencing the surface 
layers by capillarity of substance. 

The retentive surfaces are clay soils, marls, and humus; the porous, 
gravel and sands. The retentive strata are clays and the harder rocks; 
the porous, sandstone and chalk. 

Hence the coldness of clayey soils — the probable malaria of tlie hu- 
mus — the objection to plains, especially if argillaceous or in moist cli- 
mates — the salubrity of our western gravelly levels with their dry 
climate and unfathomable bed-rock. Hence, also, the objection to roll- 
ing ground, unless the hollows contain the radicles of a stream with a 
good outfall — the salubrity of sands where the bed-rock is deep, and 
their insalubrity where they border watercourses or overlie them, as hap- 
pens in the sinks of some of our western streams. 

But dryness of soil is never determined by the application of instances 
to the case in question. Its desiderata are a good surface drainage, a 
porous soil, and a deep bed-rock. These can usually be discovered by a 
general survey of the ground; but if doubt exists concerning the last, 
a few men with pickaxes and spades can speedily settle it. 

There are other points which enter into the consideration of camp-sites. 
Advantage in cold climates must be taken of hills and woods as protection 
against wintry winds; in hot climates, of woods for shade, if not so dense 
as to interfere with ventilation. Prevailing winds must be observed, in 
order that wo may place the camp to windward of suspicious swamps and 
rich alluvial grounds. In the mountain districts of the southern territories 
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the nightly breeze from hill to plain must be remembered in its bearing on 
the healthfulness of sites. Canons are hot in the day, oppressive at night 
by radiation from heated rocks, and liable to inundation from rain-clouds 
on the mountains. The reflected glare from sand and rocks is often dis- 
tressing to the men, and j^rotection should be sought from it. A dusty site 
combined with glare is hurtful to the eyes, and, what is worse, it renders 
the best disciplined troops careless of their personal police ajid weakens the 
hygienic government. Old camp-grounds should be avoided, not alone 
on account of contamination of soil and danger of infection from previous 
occupants, but also by reason of the filthy condition in which such sites 
are usually left. There are many places on travelled roads in the terri- 
tories where the vicinity of the only water has been so frequently camped 
on by passing troops and emigrants, that the discomfort, to say the least, 
of camping on an old camp-ground, can be fully appreciated. 

The influence of a dry site and neighborhood for camps, as bearing on 
the health of their occupants, can scarcely be expressed in too strong 
language. It is illustrated at every turn in the service of the medical offi- 
cers of our army, if illustration were wanted of what the history of every 
army furnishes a record. A Virginian river gave its name to the fever 
which the Army of the Potomac contracted on its banks. 

During our war, dry camps, even on exposed sites, turned out robust and 
high-spirited men, while in the hollows the troops seemed to be weighted 
down by the mud which adhered to them, all desire to look smart and 
soldierly having vanished long before the dampness or malaria sent them 
first to surgeon's call, and then to the general hospitals in the rear. 

Since the war, camps have been established in the West on favorable 
sites, and our medical officers have seen their garrisons in perfect health 
until scouting' columns have returned with constantly recurring* intermit- 
tents, contracted in the damp and malarious camps imposed on them by 
the military necessity of following the trail of hostile Indians. 

Perhaps even a more common experience has been that of combating 
disease in camps which should never have been established. One of the 
most noteworthy cases of the kind was brought officially to the notice of 
the writer in 1868, by an order to proceed to Camp Grant, Arizona — a 
site selected two years before by California volunteers — and report on the 
causes of its insalubrity. During that year there had been 1,735 cases 
of malarial disease taken on sick-report in a strength of 215 men,' or 
8,070 cases per thousand of mean strength. The post was found to be 
established on a knoll which projected into a river-valley. In front, {he 
valley, three or four miles wide, stretched away in the distance, bounded 
on either side by high lands and dotted with swamps and morasses. In 
rear was a somewhat similar view. On the right, the stream — San Pedro 
River — swept past, visually well confined by its banks, but overflowing at 
certain seasons. On the left, a tributary — the Aravipa — emerged from a 



' Circular No. 4 : Barracks and Hospitals, Surgeon-General's Office, Washington, 
D. C, 1870, p. 440. 
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rocky canon and became lost in crossing the San Pedro bottom, except 
during the rainy season, when, swollen to an impassable torrent and 
spreading over half a mile of shallow front, it effected a junction witli the 
main stream at the base of the camp-site. No more unhealthy locality 
could well be found among the many malarious valleys of Arizona. The 
site was dry and well drained, but its neighborhood condemned it. It is 
to be presumed no medical ofBcer was consulted in the establishment of 
this post. Although recommended to be abandoned in 1808, it was not 
until 1873 that the garrison was moved to a new and healthier location. 

Much has been done in this country, since the Report on Barracks and 
Hospitals was published in 1870, to improve the sanitary condition of the 
troops; but investigation would seem to indicate the decreasing sick-rate 
as mainly owing to the abandonment of such sites. In fact, no better 
argument for care in the selection of site could be brought forward than 
the ratio of sick per thousand of strength as given by the Surgeon-Gen- 
eral in his Annual Reports, although it must be remembered that the 
record involves attention to other hygienic considerations: 

Year 1867: Cases per thousand 2,716 

" 1868: " " 2,628 

" 1869: " " 2,320 

" 1870: " " 1,855 

" 1871: " ■ " 1,863 

" 1872: " " 1,671 

" 1873: " " 1,666 

" 1874: " " ■ 1,514 

" 1875: " " 1,420 

" 1876: " " 1,499 

" 1877: " " 1,482 

" 1878: " - 1,270 

In 1873-'74, the last year of whicli the records have been published,* 
the most unhealthy of the occupied stations in our service were the fol- 
lowing: 

Little Rock, Ark., giving 1,809 of malarial cases per 1,000 strength. 

Fort Foote, Md.,'' ^ " 1,738 " 

Baton Rouge, La., " 1,468 " " " 

Fort Gibson, Ch. Na., " 1,119 " 

Fort Wadsworth, N.Y.H., " 915 " 

At Little Rock the site is elevated and inclined, with sandstone un- 
derlying the light and porous superficial stratum; but the alluvial lands 
of the Arkansas River furnish the tnateries morbi. 



' In Circular No. 8, S.-G. O., Washin^on, D. C. 1875. 

^ While this article was being' penned, the garrison was withdrawn from Fort Foote, 
Md. — an illustration of the gradual weeding out of malarial diseases from our army by 
abandoning the dangerous sites. 
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Fort Footc is on a bluff, one hundred feet above the Potomac level, but 
a marsh four hundred yards wide on the reservation in rear of the post 
occasions the sick-rate. So, at Baton Rouge, the fault lies with a bayou 
emptying into the Mississippi two hundred yards above the site. 

Fort Gibson owes its fevers to the annual flooding of the Grand River 
bottom-lands, the post occupying a dry and well-drained site. While, on 
the other hand, at Wadsworth the site itself is in fault. The reservation 
consists of irregular ground, the hollows of which being without outlet, 
form marshes or stagnant pools. 



SECTION III. 

ON COMPANY AREAS AND QUARTERS, 

In examining the internal construction of camps little attention need 
be paid to the area and housing of officers, as, if overcrowding exist 
among them, it must be present to a greater extent among their men. 
The interest centres in the company areas and the arrangements and 
character of the habitations of the enlisted men. 

The company area is the ground covered by the street and the com- 
pany quarters, without including any of the unoccupied spaces between 
the latter and the sinks in front, the kitchens in rear, and the adjacent 
regiments on the right and left. This gives each of fifty-two men belong- 
ing to the company — for two are usually on duty at the kitchens — from 
7.5 in the condensed to 11.3 square yards in the full-fronted camp, a 
space somewhat greater than has been recorded as the British allowance. 

But, while this area varies with variations in the width of streets, the 
ground available for the erection of tents or shelters remains the same. 
In the plan given in Fig. I., which is modelled on the best laid-out 
camps of our service, it is set down at six yards front per company, with 
a depth of thirty-nine yards. The sufficiency of this space depends on 
the manner of its occupation. If the men lie down wrapped in their 
blankets, as in bivouac, each on the four and a half yards which the area 
permits him, there is ample space for free circulation of air. But if they 
are grouped in squads, and covered with a bell-tent as Avith a bell-glass, a 
most unhealthy condition may exist within, while without there may be 
space enough for thorough ventilation. 

Thus, crowding in an army practically depends on the system of aggre- 
gating the men into squads, and on the character of the shelter which the 
squad is required to inhabit. The larger the squad and the smaller the 
superficies allowed it under shelter, the greater the danger of the manifes- 
tation, of crowd-poisoning ; the smaller the squad and the larger the area, 
the less danger. 
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Yet, in tenting- their armies, governments seem to have overlooked 
this, in these times, hygienic axiom. Tents are furnished to hold from 
fifteen to twenty-five or more m.en, in which the occupants, closely covering 
the enclosed area, lie shoulder to shoulder during the night, breathing and 
rebreathing the deoxygenated air and the humid and morbific emanations 
from each other's lungs and skin. What matter, in such case, whether 
the tent be separated from its neighbors by one diameter, or by a diame- 
ter and a half, as recommended by the English Sanitary Commissioners?' 
The evil is within, and not without. No matter how thorough the venti- 
lation of the streets and intervals of camp, there must be disease within 
its lines on account of this local overcrowding ; nor will the best system 
of tent-ventilation prove a safeguard while the men are so closely packed. 
J^isease is proportioned to density. What has been proved of the square 
mile under the canopy of heaven must surely hold good of the square foot 
under canvas. 

The material of which tents are made in our service is cotton duck. 
Linen tents were issued to a small extent during the war, but did not give 
satisfaction ; the texture, in rainy weather, instead of shedding water like 
the cotton, became saturated and leaky. 

The regulation tents at present furnished by the Quartermaster's De- 
partment are the hospital, officers' wall, and common tents. Shelter- 
tents, which are issued to troops in the field, are not regarded as tent- 
allowance, but as means to enable officers and men to bivouac while on 
active campaign, or on the march with deficient transportation. 

The hospital-tent is a rectangular wall -tent, with a fly or extra roof. It 
is 14 feet long, 15 wide, 11 to the ridge, the wall being 4.5 feet high. Such 
a tent, the Regulations say, " will accommodate 8 to 10 persons comforta- 
bly." In practice, however, during our civil war, the lesser number was 
seldom exceeded, or indeed reached, except during battle emergencies ; 
in fact, medical officers were inclined to look upon six as the proper number 
of patients for this tent, to each of whom it affords 35 square feet and 233 
feet of air-space. Around the lower edge of the wall is a strip of canvas 
(sod-cloth), which projects inward, lying on the soil, and prevents air from 
blowing in between the ground and the wall-edge. The entrance is a per- 
pendicular cut in the centre of its front, which admits of each half being 
thrown back to expose the interior. When closed it is guarded by a 
double lapel, which can be securely tied by strong tapes. The rear wail 
is cut and lapelled in like manner, so that two tents can be joined and 
thrown into one ward, with a continuous covering or roof. The wall can 
be looped up in pleasant weather for ventilation. Of late years it has 
seldom been put to use, as scouting parties in the Indian country travel 
with as little baggage as possible ; wounded and sick are sent to the 
nearest post for treatment. But in 18Gl-'(i5 many handsome tent-hospitals 
were seen in the field, especially during winter quarters. Canvas hospi- 
tals of similar construction have been used since then with satisfactory 



1 Sanitary Report on Barracks and Hospitals p. IfiO, London, 1861. 
Vol. II.— 7 
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Fig. 3.— Officers' wall-tent. 

The officers' wall-tent, Fig. 3, is 9 feet square, with a height to the 
ridge of 8 feet 4 inches, 3 feet 4 inches of which form the wall ; it is fur- 
nished with a fly. One is allowed to each captain, and one to the two 
subaltern officers of each company. To ventilate it, the sides must be raised 
and the roof cut to permit efflux of air between it and the fly. 

The common tent, known also as the wedge- or A-tent, Fig. 4, has 
a spread of S feet 4 inches at the base, and a height and length of 6 feet 




Fig. 4.— The common tent of the United States service, known also as the A- or wedge- 
Bhaped tent. 

10 inches. It is opened and shut in front, as the hospital-tent, and has a 
sod-cloth to prevent entrance of air below. It has no provision for ven- 
tilation, and as there is no fly, the roof cannot be cut without exposing the 
interior to the weather. When rendered impervious in wet weather by 

' Dr. Cowles in Boston Med. and Surg. Journal, July 2, 1874. 

^ Sanitary Associations during the Franco-German War, 1870-'71, Vol. I. The 
American Ambulance, Thos. W. Evans, London, 1873. 
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swelling of the fibre and closure of the meshes, the only entrance or exit 
for air is between the closed lapels of the doorway. 

This tent is intended for four mounted men or six footmen. But, as it 
only encloses a superficies of 57 feet, it is to be presumed that some edge- 
wise packing must be effected by the six footmen, to afford them surface re- 
pose while enjoying their 21.7, or rather their 18.7 cubic feet each. Practi- 
cally it seems a refinement in air-space calculations to make a deduction of 
three feet per man for body bulk, but in such a case as this the point merits 
remembrance. A letter from the Quartermaster-General's OflSce to the 
writer, dated October 2, 1878, states that " the records of this office do not 
show by whom the allowance for common tents was fixed." 

The reduction of the squad from higher numbers to 4 and G is a step 
in the right direction, but its value is lost by the impaction of the men. 
Hqwever, this is a matter which is faulty only on paper, as practically the 
tents are seldom used. Each company draws its allowance and places the 
tents in the barrack store-room, where they are preserved with more or 
less care until the command is ordered on field service, when shelter-tents 
are drawn and the others turned over to the post or depot quarter- 
master. 

Were this tent ventilated by a couple of holes near the ridge, guarded 
by flaps which could be looped up or let down at pleasure, and furnished 
at the rate of one to every two or three men, it would be useful in the 
summer exercises of volunteer militia, as it affords a better protection 
than the shelter-tent, and forms a more showy camp. 

Before, and occasionally during the civil war, the Sibley tent was used 
V)y our troops. This was a conical tent, 18 feet in diameter at the base 
and 13 feet high, supported by a central pole. The apex of the cone was 
cut off, forming a circular aperture. This was bounded by an iron ring and 
slung from the upper end of the pole which projected through it. The 
pole ended below in a tripod which permitted the tent, by a simple move- 
ment of the legs, to be tightened up or relaxed, according as the state of 
the weather affected the canvas. Ventilation was through the circular 
opening, which, during rains, was covered by a cowl. This tent was in- 
tended for 17 mounted men or 20 footmen; to each of the latter it gave 
12.7 feet of surface and 55 feet of air-space. 

The conical tent of the French army is somewhat similar; but, instead 
of a cowl, the aperture at the apex has a wooden cap for cover, which can 
be raised or lowered by corresponding movements of the pole. It is, ac- 
cording to Morache, G metres (19.7 feet) in diameter at the base, 3 metres 
(9.8 feet) high, and has a capacity of 30 cubic metres (1,059 cubic feet), 
giving 19 square and GG cubic feet per man to each of its 16 occupants. 

The regulation infantry tent of the German army is conical also, but 
has a wall nearly two feet high at the base, which raises the cone and 
erives greater freedom of movement on the area. 

The English bell-tent is similar to the last. It is 14 feet in diameter 
at the base and 10 feet high, giving 12.8 square and 42.8 cubic feet to each 
of 12 men; but, according to Parkes, IG and 18 men have been crowded 
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into it. Ventilation is attempted by a few holes near the apex, but they 
are of little service. 

The Indian marquee is a two-poled tent with ridge and fly. It is 21 
feet long, 15 wide, and 10 feet 3 inches high, accommodating 20 cavalry- 
men or 25 infantry. To the latter it furnishes 85 cubic feet per man. 

Enough has been said concerning the character, measurement, and oc- 
cupation of army-tents to show how valueless is the discussion of square 
yards per man which the company areas will furnish, while the men are 
deprived of the so many square yards which they might have, by being- 
cooped vip under canvas on so many square feet. 

Small tents diminish the risks of crowding by scattering the men more 
equally over the company area. Our common A-tent gives 19 square feet 
to each of three men; the conical French tent is a little more liberal — 20.3 
feet to each of fifteen. Whether there would be more or less danger of 
crowd-poisoning among fifteen men in the French tent, or among the same 
number in five A-tents pitched at proper intervals over the company area, 
especially if the same effort was made to ventilate the latter as is manifest 
in the former, is a question which no medical man would hesitate in an- 
swering. Then why the large tents ? Because the men are more under 
the eye of authority when grouped in large squads ? Increase the num- 
ber of officers, if need be, but separate the men. Or because large tents 
a^ more economical of canvas and there is less weight per man to be 
' ' transported? But this is poor economy. If there is need of an army at 
all, it is needful to preserve every soldier at his maximum development of 
physique and morale. 

The question of transportation, however, limits the usefulness ot the 
best of tents. In active operations the smaller the wagon-train the more 
efficient the army. Weeks will pass in war-times without a possibility of 
having the trains near the line of battle, except in small detachments for 
the issue of rations and ammunition. And even on ordinary route marches, 
with unlimited transportation, the wagons are a drag upon the men, re- 
quiring hard labor for the repair of roads, and oftentimes reaching camp 
so late as to afford the command little opportunity for securing comfort in 
their tents during the night. There is nothing on a march so dispiriting 
to men as having to wait in wet weather for the arrival ot their trains. 

The usefulness of tents is thus narrowed down to camps of more or 
less permanence ; to camps of instruction in field exercises and discipline 
in times of peace, and during war to the formation of depots for recruits, 
camps of organization, siege-camps, and winter quarters in a country un- 
provided with materials for housing the men. But in all these cases 
there is no military necessity for crowding the troops into the customary 
large tents. 

In view of the insalubrity of tent-life, the first Napoleon required his 
armies to bivouac, preferring rather to risk climatic exposures than the 
dangers of tent-occupation. 

In dry and temperate climates, with small diurnal ranges of tempera- 
ture, men may bivouac without danger. Where the nights are hot as well 
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as the days, and other circumstances favorable, they may bivouac with ad- 
vantage. Inhabitants of warm climates often sleep on the roofs and 
verandas of their houses. But in rainy weather, in cold climates, or in 
warm climates with clear skies and much nocturnal radiation, shelters are 
imperative. Under such conditions, only on the eve of battle must the 
bivouac be permitted, when it is to be accepted as one of the hazards 
of war. 

During the years 18GG and '67, while on duty in Arizona, the Avriter 
spent tlie greater part of each summer and autumn in bivouac. The com- 
mands ranged from 50 to 150 men. At no time was their strength in any 
way impaired by exposure. The men did not burden themselves with 
their shelter-tents, finding them unnecessary during the warm nights, and 
a less effectual protection against the rays of the sun than could be ex- 
temporized out of brush-wood and blankets, if the camp failed to provide 
a clump of Cottonwood or sycamore. Later in the season, when dews 
began to fall, the use of the tent was resumed. 

The modern shelter-tent is the invention of the French army in Al- 
geria. Each soldier was furnished with a camp bed-sac, which had an 
opening at one end, into which he first packed his hay or straw, and then 
insinuated himself ; but protection from sun during the day, and dews at 
night, being more needful than the bed-sacs, the men slit them open, 
fastened two together, and pitched them as a ridge-roofed tent open at 
the ends. The idea was approved, and pieces of canvas, with buttons and 
corresponding button-holes, were issued, witli uprights to support, and 
guy-ropes or stays to stretch the ridge and ensure stability. 

Each piece of the regulation French tent, as given by Morache, is 1.70 
by l.GO metres (5^ x 5-^ feet), and the uprights 1.20 metres (about 40 
inches). 

On its introduction into our service during the civil war, the shelter- 
tent immediately became popular with the troops — in part, no doubt, to the 
comparative privacy which it gave to individuals by breaking up the 
large tent-squad — a point of no small importance among regiments formed 
of citizen volunteers. But its value as a shelter was also fully appre- 
ciated, for regular soldiers, accustomed in barracks to a common dormi- 
tory, were, and are during our current Indian troubles, as Avell pleased 
with their piece of shelter-tent as were the volunteers. 

Experience in its use showed its capabilities not only as a temporary 
shelter when placed upon the ground, but as a more permanent abode in 
summer camps when erected over brush-wood, reed, or stockaded walls, or 
in winter over the more solid walls of a rude log-hut. In fact, the vet- 
eran soldier came to regard it as a home, and to have a sense of repose 
and settledness as soon as it was pitched. It gave him a lien on a cer- 
tain piece of ground which he could not otherwise have possessed. This 
feeling alone, in connection with the shelter afforded, must have been 
powerful as a preventive of disease. But our indebtedness to the shel- 
ter-tent does not end here. It scattered the men on the company area, 
and permitted them to breathe a purer air. Thus were they relieved 
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from the malaise and debilities induced by deficient aeration of the tis- 
sues and imjjerfect elimination of worn-out material — evils which, while 
serious enough in themselves, are prone to culminate in a condition of 
system favorable to the propagation of epidemic disease on the introduc- 
tion of its specific germ. 




Fig. 5. —The shelter-tent. 



The United States shelter-tent. Fig. 5, is made of cotton-duck, 33^ 
inches wide, and weighing 8 ounces to the linear yard. Each piece is 
5 feet 6 inches long measured along the foot or top, and 5 feet 5 inches 
wide measured along the seam. It has nine ' galvanized or zinc buttons 
in a line parallel to, and four inches from the upper edge, placed at in- 
tervals of eight inches from centre to centre, the extreme buttons being 
one inch from the side edges or ends. It has also seven buttons parallel 
to, and four inches from each side edge, with eight-inch intervals between, 
and the lower button of the row three inches from the lower edge. It is 
furnished with button-holes, twenty-three in number, along the upper 
and side edges, at half an inch distance from the edge, and correspond- 
ing in position to the buttons on any other piece. The lower edge is 
provided with three loops, one at each corner, and one at the foot of the 
seam, by which the edge may be pegged to the ground. The pole and 
rope-holes are so placed as to correspond when any two pieces are joined 
together. Pegs and uprights are also issued as part of the tent, but the 
troops never carry them, relying on the camp-ground or its neighborhood 
to furnish them. Each piece weighs 2 pounds 6 ounces. 

As usually carried by the infantry soldier, the piece of tent is rolled 
with the blanket into a long cylinder, which is slung from the shoulder to 
the opposite hip, where the ends are tied together by the guy -rope. 

The two pieces when joined form a sheet 5 feet 6 inches long by 10 
feet G inches wide, four inches being lost from the width by the overlap 
in buttoning. When pitched on uprights varying from 45 to 50 inches, 
they give a spread at the base of 6.33 to 7.33 feet, providing a covered 
area of 17 to 20 feet for each of the two men. 

The buttons and button-holes along the side edges admit of the junction 
of two or more tents into one, to contain as many men as have contributed 
pieces to its formation; but this arrangement is not favored by our troops. 



' The figure shows the general appearance of the tent, and the position of the 
rows of buttons, but does not agree with the text as to the number in each row. 
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They prefer to " bunk " in pairs, unless in driving rains and strong winds, 
when there are no means of improvising a protection for the weather-end 
of the tent, in which case a temporary consolidation of three men to a 
tent may be instituted, the third man closing up the exposed end by 
means of his allowance of canvas. 

The fault of the shelter-tent as issued is, that it is not long enough for 
the average American soldier. 

In the plan of the infantry camp given in Section I., the width allowed 
to the double column of tents is G yards, the depth 39 yards — an area per 
tent of 9 feet square; but as the area of each tent is only 5^ x 6 or 7 feet, 
there are left for ventilation and trenching an interval of 2 to 3 feet be- 
tween the ranks, and a passage-way 7 feet wide between the two files or 
columns. Practically, the passage is often reduced to 3 feet by the pro- 
jection of giry-ropes and pegs, and the closing in of the end of each tent 
with a brush-wood or other improvised wall; but this is wide enough for 
ventilation and sunlight and the operations of police parties. 

If the occupation of the camp is to last for more than one night, and 
especially if tlie site or weather be damp, the men build a raised platform 
or bedstead of poles and forked uprights, 1^ or 2 feet high. On this their 
hay, straw, grass, or whatever forms their mattress is spread, and the 
shelter-tent roofs it over. 

Any further stay on the same ground is marked by improvement in 
the condition and appearance of the shelters, the character of which de- 
pends on the available material and the influences from which protection 
is sought. 

Reliance can generally be placed on the ingenuity of a body of men to 
make the most of the materials at command; but their efforts must be 
held in check by intelligent supervision. In seeking shelter from that 
which assails the senses, they are liable to expose themselves to more sub- 
tile and dangerous influences, which are unfelt and unknown to them. It 
is to be regretted, in this connection, that the attention of officers is not 
drawn formally to the extemporized methods of shelter which experience 
has shown to be useful. At West Point the cadet is taught nothing con- 
cerning the proper mode of hutting troops, and he enters on field service 
not to superintend the men in such labors, but to be taught by them. He 
may thus learn to recognize as custom of the service many violations of 
hygienic laws; and such customs are notoriously difficult to uproot. 

In summer camps, or those of tropical countries, the danger is slight 
that the labors of the men will lead to harm. They seek the air and such 
protection from the sun's heat and glare, and occasional wind and rain- 
storms, as is consistent with a free ventilation. Camp Lowell, in Southern 
Arizona, consisted of shelter-canvas roofing over walls of leafy willow- 
work, with a huge canopy of brushwood erected high above the tents to 
afford a better shade. This camp was occupied from 18G3 to 1873, and 
there was no more healthy command in that region of country. During 
some part of the time A-tents were used, but with only two or three 
men in each. 
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But in winter camps, or those of cold climates, the attempt to preserve 
a certain degree of warmth in the interior of the shelter is virtually an 
effort at the suppression of ventilation. Much credit is due to the troops 
in our Army of the Potomac for the efficient and workmanlike manner 
in which they hutted themselves during the severe Virginian winters. 
Scarcely a hut was free from faults, but the men were not responsible. 
The supervising intelligence was absent, and responsible by its absence 
for crowding from inadequate passages between company files and indi- 
vidual huts, for dug-outs, bank-ups, dampness from inefficient trenching, 
and the fixation of the canvas roof so that it could not be removed to 
sun the interior without destroying its usefulness. 

But a fault which affected the hutting of the whole army was caused 
by the inability of the shelter-tent to roof in a sufficient area for winter 
occupation. Four men usually joined their pieces to comj^lete a hut. 
The shelter-tent is 5 feet G inches long, but when two are united four 
inches are lost by the overlap. The length of roof was therefore 10 feet 
8 inches and its spread 7 feet; but, as the canvas had to be brought down 
on the outer face of the logs, the interior measurement of the hut was 
lessened in proportion to the thickness of its walls. Putting these at six 
inches would give the hut an area in the clear of 9 feet 8 inches by 6 feet, 
or sufficient for two double bunks with the narrowest of passages between 




Fig. 6. — Log hut, roofed over with two shelter-tents, as seen in the winter camps of the 
Army of the Potomac. 

them. But, what with absentees, sick, and on furlough, and the regular 
details for guard and picket duty, it seldom happened that more than 
three men had to pass the night in the four-pieced hut. A broad plat- 
form was accordingly built in one end as a bedstead for three men, leav- 
ing a space at the other of about 3 feet by G feet as a living room, on 
the floor of which the occasional fourth man would spread his poncho and 
blankets at night. 
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The doorway opened from the street into this space; a cupboard or 
shelves were placed in the angle near it, and an open fireplace in the 
opposite wall. The preservation of the chimney was a source of much 
labor and constant anxiety to the occupants of the hut, as, although 
sometimes built of stone, it was more frequently a narrow wooden shaft, 
lined with layers of clay to prevent its timbers from catching fire. Yet 
it was deserving of all the attention bestowed on it, as, when in good 
working order, it gave a cheerful glow to the interior, and at all times 
established a connection with the external air. 

We have found the company tenting-ground to afford 9 feet square 
per tent — the four-pieced hut has therefore a space 9x18 feet for its 
site; but, as it only covers 10 feet 8 inches by 7 feet, there exist intervals 
of seven feet between adjacent huts of the same row, and a passage of 
four feet between the files or columns. The former space is ample, but 
the latter insufficient, as the chimneys project into it on either side, con- 
verting it into a sinuous pathway. Space should be taken from the 
width of the street to increase the interval between the files. 

With a wall five feet high the hut would have a capacity of 3G5 feet, 
or 91 to each of four, and 122 feet to each of three men — more liberal 
even in its smaller figure than the best of army-tents; yet by no means 
sufficient for the occupants. A higher wall would have given greater 
space; but, to them, area, not air-space, was the desideratum. Those who 
possessed an extra piece of shelter-canvas, or a spare poncho, cut it in two 
longitudinally, and applying it to the roof, lengthened their hut by two 
and a half feet. This small increase of area made all the difference be- 
tween compression and comfort. Such as they were, however, large and 
small, the huts were looked upon with infinite regard by those Avhom they 
sheltered. 

The general opinion of writers on army hygiene is in favor of huts 
for occupation during cold weather. Prof. Parkes ' says they "are better 
adapted for winter quarters than tents." According to C. A. Gordon,^ 
" It is not considered desirable that large bodies of troops should occupy 
tents during winter in Europe or America; when, therefore, accommoda- 
tion for them during that season has to be extemporized, huts ought to be 
erected for the whole." But these and other writers recommend the hut 
to hold large squads. The Crimean huts were occupied by from twelve to 
twenty-four men. The directions given for their erection imply the pres- 
ence on the camping-ground of specially provided material and labor. 
But huts built bi/ the troops and huts built /o)' them are two different 
things. 

It is very well for medical officers to put themselves on record as in- 
sisting on such numbers as 40 square and 400 cubic feet ' of hut per man, 
with double walls, raised floors, ridge ventilation, and warmed air-supply; 



' Manual of Practical Hj'giene, London, 1866, p. 301. 

'-' Gordon : Array Hygiene, London, 1866, p. 123. 

" Hammond : Treatise on Hygiene, Phila. , 1803, p. 451. 
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but, practically, they have to do with quite another style of hut. In the 
sudden settlement of a large army in its winter quarters, the excess of 
transportation required for an attempt to house it is not always available; 
and in our recent Indian campaigns deficient army appropriations denied 
both material and transportation for such temporary purposes. Hence, 
like the men, the army surgeon must accept the materials which the camp 
neighborhood affords, and make the best of them. 

For the walls the country can generally furnish all that is necessary. 
Even on our stretches of western sage-brush, where there is a total absence 
of timber, walls can be raised of adobes or sun-dried bricks. But, to per- 
fect the roof without outside assistance, is often impossible; and without 
a sound roof walls are valueless. The writer has been on duty with troops 
who, having built handsome adobe walls, could find nothing but cotton- 
wood timbers on which to lay the flattened mud-roof; and as these timbers, 
on account of their loose cellular structure, warped exceedingly, curving 
up at the ends, the roof lost that slight inclination which was necessary 
to shed the rain, and became converted into a shallow basin, from, which 
percolation into the interior was established. 

A quotation from a report of personal experience is in place here : ' 
" The great objection found by the troops to quarters of this kind (adobe 
huts with mud-roofs) is the character of the roof. None are free from leaks. 
At one post, during a continued rain, such men as could procure shelter- 
tents pitched them over their bunks, in order to keep themselves dry at 
least during the hours of their sleep. Tent-flies and wagon-covers were 
made use of to protect the worst points in the roof; but, notwithstanding 
all that could be done, the earthen floor of the room became a mud-puddle, 
and for want of sufficient sunlight and ventilation remained damp for 
many weeks afterward, while the sick-list was crowded with bronchial at- 
tacks and rheumatic affections attributable to the condition of the quar- 
ters. Nor was the hospital at this time in better condition. Beds occu- 
pied by dysenteric patients almost in articulo mortis had to be moved from 
one position to another, to avoid the muddy water flowing through the 
leaks in the roof, until at last no dry spot could be found, when they had 
to be protected by rubber blankets and gutta-percha bed-covers." 

Canvas forms the best, because lightest and most portable roofing 
material, which troops can draw from their base of supplies. The shelter- 
tent has been shown to be invaluable — in fact, all that is essential on cam- 
paigns and marches, and in the summer camps of temperate and warm 
climates, where the men live in the open air and employ the tent only as 
a covering to the bedstead. It has been found inadequate, however, to 
roof in a proper area in winter camps where many hours of the day have 
to be spent under it as in a living room. Yet, from what has been writ- 
ten, it is patent that for such camps the log-hut with canvas roof is in 
every respect superior to the regulation tents. 



' Special Report on Service in Arizona, in Circular No. 4, Surgeon-General's Office, 
Washington, 1870, p. 45G. 
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Sheets of canvas or flies of a given size, to cover over a hut built ac- 
cording to a regulation plan and dimensions, would do away with the ne- 
cessity for a regulation tent allowance, and settle the unsettled question 
of the best model of an army-tent by abandoning the tent system, as did 
the great Napoleon. Exception to this must be made in the case of our 
hospital-tent, but solely because hospital details are insufficient in force 
to build proper hut-hospitals. 

If, in preparing for a winter camp, the supply department issued to 
every four soldiers a piece of roofing canvas 14 x 12 feet, and a second 
piece, somewhat larger, as a fly to cover the roof, the log-hut could have 
an interior measurement of 13x7 feet, giving room by its length for a 
double bedstead at each end, and a small moving space between the door- 
way in the front wall and the fireplace opposite. With the Avail raised 
six feet, which should be its minimum height, the hut would have a 
capacity of 700 cubic feet, the air of which would be freely renewed by 
imperfect chinking between the logs, by the chimney draught, and ven- 
tilators near the ridge, which could be placed in the roofing canvas, pro- 
tected as they would be by the outer or fly covering. 




Fig. 7. — Winter hut for four men — the canvas roof protected by a fly, which is fastened to a 
rail near the eaves. 



Theoretical hygiene may object to this allowance of air-space and area 
in the proposed hut, but the measurements are suggested advisedly, and 
are based on a knowledge of the military tendency to close up and occupy 
unoccupied spaces. Give possible bed- and elbow-room in the hut for a 
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fifth man, and the fifth man will be immediately naturalized in it. The 
hut will be no longer a hut for four, but for five men. 

The tendency to crowding the huts on each other should be counter- 
acted by specification in regulations of the distance to be preserved be- 
tween them. The minimum interval between those of the same row 
should be equal to the height of the walls, 6 feet ; while the passage be- 
tween adjacent rows or files should equal the height to the ridge, about 10 
feet. If the company front is too small to afford this without undue nar- 
rowing of the streets, the camp should be formed in column of divisions 
(see page 85). 

There can be no excuse for diminishing company areas in winter 
quarters. 

The first care in erecting such dwellings should be devoted to freeing 
the building ground from moisture. Dryness is essential. What has 
been said generally of the camp-site applies locally to the site of individual 
huts. 

The sides of streets and intervals between companies must be trenched, 
and transverse cuts made between these, uniting them, and mapping out 
the sites of the various cabins. If there is surface drainage from higher 
ground, it must be intercepted and turned aside. If rain fall during the 
period of preparation and building, the canvas should be pitched over 
the sites to protect them ; but in dry sunny weather they are better ex- 
posed. 

On a dry soil the huts may be erected from the ground level, the 
herbage being plucked from the enclosed area, the soil well stamped with 
sand and gravel, and subsequently concreted. But on damp sites the walls 
should be raised a foot from the surface, and the hut floored with split or 
dressed logs. 

The canvas roof and fly should be so fastened that they can be un- 
hitched at a moment's notice to sun the interior — the former to the outer 
facing of the logs, and the latter, in order to free the streets and intervals 
from pegs and fly-ropes, to a rail placed just below and beyond the eaves. 

Lime should be obtained by the supply department, by burning in the 
vicinity or transportation from the base, to enable the men to chink the 
logs, concrete their floors and upraise the flues. 

The soldier in cold weather is prone to burrow, and special attention 
must be directed to guard, against this tendency. In fact, a protest must 
be entered against everything which causes dampness of the interior. The 
earth must not be banked up on the outside of the logs. The floor must 
not be dug out to bring its level below that of the surrounding ground, 
nor must a side-hill be dug into to form part of the end or side walls of 
the intended hut. Many examples of such faults in construction were to 
be seen in the winter camps of the Army of the Potomac. Oftentimes 
the hut was converted into a half-sunk cellar by a combination of excava- 
tion with the banking-up method. No notably disastrous results followed, 
probably because most of these excavations were on hill-sides in exposed 
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situations and peculiarly dry sites. At Cole's Hill, Va., in 1863-'64, the 
Massachusetts regiments of the Second Division, Second Corps, were in 
dug-out cabins on the slope of the hill, yet no men in the command were 
in finer condition. 

On the other hand, in the experience of armies, severe epidemics have 
so often coincided with the occupation of such quarters, that among army 
surgeons there is no hesitancy in condemning them. Irrespective of dis- 
ease due solely to humidity, the risk of miasma in turning up the ground 
is very great. The heat of the hut, when well warmed by its open fire- 
place may recommence changes in the organic matter of the humid soil, 
which the external winter temperature had checked. A localized and 
artificial generation and evolution of noxious miasm may be set up, pros- 
trating the occupants with intermittents and dysentery. Especially are 
these results to be feared when the winters are mild. It should be set 
down as a fixed principle in hutting that the soil be as little disturbed as 
possible. 

The experience of our service shows that, with care in the preparation 
of the site and in the exclusion of injudicious disturbance of its soil, armies 
may campaign and summer under shelter-tents, and winter in such cabins 
as have been described, with far less risk of the development of diseases 
due to local overcrowding, or the spread of those propagated by s])ecifie 
causes, than in the regulation army-tents or the large squad-huts of our 
writers on military hygiene. 



SECTION IV. 

ox THE HYGIENIC GOVERNMENT OF CAMrS. 

In investigating the conditions affecting the hygiene of camps the 
police system is at this point offered as the subject for discussion. The 
site selected and habitations built, the question in natural sequence is 
the hygienic government. 

Order and cleanliness, so far as they relate to the health and Avell-be- 
ing of the inhabitants, are embraced generically by the police svstem. In 
civil communities, where the maintenance of orJe/requires special officers, 
the generic phrase has a popular application to the system and officers 
which effect it. But in the army, where discipline takes the place of this 
special force, the application of the phrase is practically restricted to the 
particular of cleanliness. A police party is a cleaning-up detail. The 
soldier has even specialized the word to personal matters, for his object 
in going to the river or bath-room with towel, soap, and change of under- 
clothing, is usually to have a "general police." 

The police system, as thus understood, is of greater importance to the 
sanitarian than either site or dwellings, in this, that while in the latter 
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one decision is final, in the former the supervising intelligence has to be 
continually on the outlook to guard against danger. Its vigilance must 
be unrelaxing and must increase with the continuance of the occupation. 
Indeed, when other circumstances are favorable, the length of time during 
which a camp can be occupied depends on the efficiency of its police. 
Camp-sites have been recommended to be changed at least every eight 
days, if circumstances permit;' but with proper government the ground 
can be held for a much longer period. 

Dr. Letterman, U.S.A., in a communication to the commanding gen- 
eral, much of which was published in orders to the Army of the Potomac 
while in camp at Harrison's Landing, in 1862, recommended that tents be 
struck once a week and pitched upon new ground. This was judicious 
under the circumstances The camp was a summer resting-place after a 
most arduous campaign in which the men had become broken down by 
overwork, climatic and malarial exposures, and an insufficient dietary. 
Every measure had to be adopted which would tend to the restoration of 
health and efficiency; and, as the troops, although veterans by virtue of 
their seven days' fight, were by no means adepts in camp conservancy, the 
precaution was needful. 

The commanding officer is responsible for the condition of his camp; 
but, as the regiment is the unit of the army, regimental commanders are 
the officers on whose ability so much is dependent. Company officers 
oversee the police of their company quarters and the personal cleanliness 
of their men. To effect the general police of camp, captains of companies 
are detailed in rotation as superintendent of police, under the military 
title of officer of the day. This officer has command of all the guards and 
prisoners, and is responsible to his superior for the order and cleanliness 
of the camp. He makes use of the prisoners in policing the grounds, and, 
if they are insufficient for the work, fatigue details are granted him. As 
every day brings a fresh officer to superintend, the system is satisfactory 
with efficient officers. 

But with inexperienced troops and careless or incapable government 
a good natural site can speedily be rendered unhealthy by contamination 
of the soil with organic impurities. Change of camp might thus become 
needful every eight days, especially in warm and moist climates or seasons. 
In fact, if police parties fail to remove the dangerous material from camp, 
camp must be removed from the dangerous material. 

Yet, when the constant traffic on the company area is remembered, and 
the steady accumulation of refuse engendered by it, soil-contamination is 
seen to be but a question of time, in spite of the most effective police. 
Hence, the occupation of winter quarters should not be prolonged after 
the advent of warm weather. 

Inspections are frequently made by the military authorities — so fre- 
quently that the mind of the soldier may be said to have connected poli- 
cing with inspections to the exclusion of the end for which both were in- 



' C. A. Gordon : Army Hygiene, p. 123, London, 1866. 
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stituted. The effort is made to show clean on the surface, no matter how 
it may be beneath it. For inspection it is sufficient that the dirt be hidden 
from the inspecting officer, the how and where being unimportant. In a 
squad-room the writer has found that the men, after deluging the floor 
with water and going over it with scrubbers, were in the habit, instead of 
mopping up the water and rubbing dry, of opening a knot-hole in the 
flooring and swabbing the water through it, running on fresh water until 
it swabbed through clear. The result at inspection was satisfactory, but 
questionable in a sanitary point of view, after what has been written con- 
cerning dampness of site. 

There are, or were until recently, permanent camps in the West, which, 
while scrupulously clean on their parade, their streets, their company 
quarters and all ground subject to inspection, had around them for a 
radius of a quarter of a mile a surface strewn with all kinds of refuse — 
bones, tin cans, abandoned clothing, cattle-manure, etc., while ravines 
in the neighborhood were magazines of such articles in consequence of 
individual efforts to save transportation to the officially recognized dump- 
ing-grounds. So, in the field, with careful police of the regimental camp, 
the intervals between regiments and the thickets and ravines around were 
liable to become unauthorized depositories of all kinds of filth, leading to 
miasmatic developments from soil-pollution, and frequently to taint in the 
water-supply. 

Among the various inspections required by the Revised Regulations 
of the x\rmy, 1863 — still the official reference in military matters, but 
modified in many respects by orders of later date — inspections of com- 
panies every week by company commanders, of regiments every month b}^ 
regimental commanders, and at intervals by superior authority or its 
delegate, there was no provision for a purely sanitary inspection. The 
duties of medical officers were defined, but they related solely to the care 
of the sick and to hospital management. It is true that, as staff officer 
of the command, the surgeon accompanied the regimental commander on 
his inspection, to give professional opinion on matters referred to him; 
but his opinion might not be required, or, if required, might not be acted 
on. Active interference on the part of the medical officer was not coun- 
tenanced. Nevertheless, the esteem in which professional knowledge is 
held by intelligent military men often led to a due appreciation of volun- 
teered advice, although it not unfrequently happened that suggestions by 
the regimental medical officer on such a subject as the police of camp 
would be construed and resented as an unwarrantable criticism by a sub- 
ordinate on the methods of his superior, the result of which would be the 
suppression of the surgeon as an officer of health and the loss to the com- 
mand of his knowledge of preventive medicine. 

Dr. Tripler, U.S.A., in his Report of the Operations of the Medical 
Department of the Army of the Potomac in the Peninsular Campaign, 
states' that: "To superintend the sanitary condition of the regiment, to 



' History of the War, Med. Volume, Part 1st, Appendix, p. 45, Washington, 1870. 
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call upon the commanding- officers to abate iniisances, to take ineasures 
for the prevention of disease, was, in many instances, considered imper- 
tment and obtrusive, and tlie suggestions of the medical officer to these 
ends were too frequently disregarded and ignored." 

In 18G2 sanitary inspection was instituted. To each corps of the 
army in the field a medical officer was detailed for this duty. He was re- 
quired once a month to visit and report on the condition of every regi- 
mental camp in the command. Extracts from his reports, calling atten- 
tion to neglects, were sent by authority to the officers concerned. This 
did good. But perhaps greater, because more seasonable, good was ac- 
complished by the opportunity afforded the regimental surgeon of sus- 
taining his opinions by those of the inspector, backed as they both were 
by the official recognition of the medical as a sanitary corps. 

After the war the Medical Inspector's Department was disbanded, and 
medical officers returned to their ante helium status and duties as defined 
by the Regulations. General J. B. Brown, U.S.A., Medical Director of 
the Department of the Platte, writing in 1869 concerning delays in the 
construction and repair of hospitals in the face of the most urgent repre- 
sentations of the medical officers, states that: ^ "After a careful examina- 
tion of all the correspondence available to me in connection with the'posts 
in this department, I am forced to the conclusion that the personal popu- 
larity or influence of the post-surgeon with one or both of the above- 
named officers (the commanding officer and his quartermaster) has in most 
instances determined the jjromptness with which the post hospital has 
been commenced and finished." Dr. Brown might have gone further and 
said with truth, that in many cases the action taken by the commanding 
officer, on the suggestions of the post-surgeon, concerning other matters 
pertaining to the sanitation of the command, was determined in like man- 
ner. 

The writer has in remembrance an instance where, scarlet fever having 
occurred during two successive winters in certain huts occupied by laun- 
dresses and their families, the medical officer on duty made repeated and 
earnest efforts to have the dangerous buildings disinfected before the 
coming of the third winter. No attention was vouchsafed by the post- 
commander; and during the following season the medical officer had to 
minister as physician to the individual cases, two of which proved fatal — 
of a disease, which, with official recognition as a sanitary officer, he could 
have prevented. 

In 1874, however, an order was published which did away with this 
unsatisfactory state of things," by elevating the medical officer from the 
position of attending surgeon to that of sanitary officer, which the higher 
class of military intellect had long before assigned him. It constituted 
him a sanitary inspector of the command, instead of a mere book of refer- 
ence, which the commandant might consult or not, as it pleased him, and 

'Circular No. 4: Barracks and Hospitals, p. 328, Washington, 1870. 
' General Order 125, War Department, Adjutant-General's Office, Washington 
D. C, November, 17, 1874. 
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removed the final action on his recommendations to a higher authority 
than that of his immediate superior. 

It is so important in its bearing on the hygiene of the camps of the 
future, that no excuse is required for quoting as follows : 

" An important part of the duty of a medical officer of the army is 
the supervision of the hygiene of the post or command to which he is 
attached, and the recommendation of such measures as he may deem 
necessary to prevent or diminish disease among the troops. 

" For this purpose he shall at least once a month examine and note 
in the medical history of the post the sanitary condition of the quarters, 
including all buildings belonging to the post, the character and cooking 
of the rations, the amount and quality of the water-supply, the drainage, 
and the clothing and habits of the men, and make a report thereon in 
writing to the commanding officer, with such recommendations as he may 
deem proper. If the recommendations be approved and carried out, the 
medical officer shall note the fact in the medical history of the post. If 
the action recommended be deemed impracticable or undesirable, the 
commanding officer shall endorse his objections on the report, and for- 
ward it to the department commander. A copy of such endorsement shall 
be furnished to the medical officer, who shall record it in the medical his- 
tory of the post." 

Had such an order been in force during the war, to give, not weight, 
but an official seal to the verbally expressed opinions of regimental medi- 
cal officers on questions of camp police and others of sanitary import, 
there would have been less need for medical inspectors, and less sickness 
in the army from preventable causes. 

The general police details clean up the regimental area, attend to the 
condition of the sinks, remove kitchen-refuse and stable-manure, repair 
defective trenching for surface drainage, and keep the pathways passable 
in snow-falls and rainy weather. 

All refuse material is collected into heaps, loaded on a light wagon, 
and carted away. Nothing should be left as a nidus for further accumu- 
lation. Soldiers object to doing other than their own work, so that what 
has been unintentionally neglected by one police party may be seen and 
passed over by those which succeed it, until the neglect becomes an 
evil requiring special direction for its removal. Moreover, it will often 
happen that a nuisance of slow growth will be overlooked by the officers 
of a camp, and tolerated, through habit, long after it has assumed what, 
to the eye of a stranger, would seem to be dangerous characters. Special 
inspectors have a value in this connection. 

Nor should the attention be restricted to the regimental area. The 
surrounding grounds have to be carefully policed, especially if related in 
any way to the water-supply. In army camps the police labors of adjoin- 
ing commands should overlap rather than fail to meet. 

The sinks in an aggregation of regimental camps are of necessity in 
front of the men's and in rear of the officers' quarters ; but in detached 
camps, where there is choice of ground, they should be placed, if not to 
Vol. II.— 8 
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leeward, in such position that the prevailing winds shall not carry odors 
over the company areas. They are usually long trenches about eight feet 
deep and two feet wide, with the earth which has been dug out piled 
along one side, whence it can readily be thrown by the police party over 
the accumulations of the day. On the other side a stout pole is laid 
horizontally on forked uprights, at a proper height, for the convenience of 
the men. The whole is surrounded by a thick-set hedge of brushwood, 
through which admission is given by an oblique or valvular entrance. 

Small sinks for each company are better than one or two of large size 
for the regiment. The men, when attending to nature's call, are thus 
exposed to a less heterogeneous effluvium, a point of much importance in 
limiting the spread of miasmatic contagious disease. A comparative 
privacy is also ensured, which has a hygienic value, inasmuch as some men 
find difficulty in relieving themselves in the presence of others. Such 
cases, mostly young soldiers, failing to find the sink unoccupied, will fake 
to the bushes or pass the call unheeded. 

When the stay in camp is prolonged beyond a day or two, the hori- 
zontal pole should be superseded by box-seats, open behind, so that earth 
can be thrown in. While in winter quarters, the mouth of the trench 
should be completely boxed with covered seats, the top or one side being 
hinged to admit of layering the daily deposits with earth. 

When filled within two feet of the surface, each sink should be re- 
placed by a new one, those disused being filled up and banked over with 
earth to mark their site. 

In the event of the presence in camp of such diseases as diarrhoea, 
dysentery, typhoid fever, cholera, etc., special disinfection of the sinks is 
indicated. 

Much may be done, by care and attention to the condition of the sinks, 
to promote the comfort and well-being of the men. 

No satisfactory provision can be made to prevent soil-contamination 
from urinary secretion. During the day the sinks are accidental recep- 
tacles for a large percentage of such discharges; they may even be 
specially visited as urinals, if the paths are good. But, in bad weather, 
their distance leads the men to find some concealed place near the quar- 
ters, usually in the intervals between huts. At night all parts of the 
company area are liable to contamination. The extent to which this takes 
place can only be appreciated after a quiet snowfall, when a record is 
left of every discharge. Unless officers are vigilant, certain angles about 
the huts will soon evolve ammoniacal odors. The plan of placing a night- 
tub is objectionable, in that it cannot be of use to all without being too 
near to some. 

The medical officer should indicate such places, if any, as may be used 
in addition to the sinks, and the men be held to a strict observance of 
camp sanitary orders. 

Kitchen-refuse and slops are collected in covered barrels and removed 
daily. On no account should anything of this kind be committed to the 
trenches or thrown in heaps before removal. Kitchen-garbage is disgust- 
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ing at all times, and, in addition to the insalubrity caused by its fermenta- 
tion in the soil, it is provocative of much discomfort in warm weather, 
from the myriads of flies which infest its neighborhood. The barrels 
should be placed on a tray or raised platform for the better protection of 
their site. 

Stable-manure should also be carted to the general dumping-ground, 
the position of which is selected, both as to distance and direction, with a 
view to prevent pollution of the air- and water-supply of the camp or its 
neighbors. All slaughter-house offal should be buried here, as also the 
carcasses of dead horses, mules, etc. 

Without efficient surface drainage there can be no cleanliness in camp. 
Water in the surface-soil is quickly transformed into mud by the cease- 
less traffic. This is not only dangerous to the health of the men and the 
cleanliness of themselves and their belongings, but wraps up and hides all 
the organic matters which it is the object of police parties to remove. 
Dry, porous soils may absorb the rainfall promptly, but the best natural 
site can be improved by systematic trenching. Every depression in the 
regimental area liable to retain water should be drained and filled up. 
The company streets should give firm and dry footing when the men turn 
out at roll-calls. The pathways or sidewalks along the streets to the sinks, 
kitchens, officers' quarters, etc., should by trenching, grading, gravelling, 
or other means, permit of a dry-shod performance of the routine move- 
ments of camp-life. The perfection of the work must depend on the per- 
manence of the camp, but the main features of the trenching plan should 
be worked out at once, leaving improvements to follow as the stay is pro- 
longed. There were camps in the Army of the Potomac, in wooded flats 
with retentive soil and poor outfall for drainage, where certain regiments 
kept themselves dry and clean on raised board-walks of split logs laid 
do wn in dry weather by the foresight of commandersj while others, their 
neighbors, were swamped in mud and insalubrity. 

Company police is local and relates to the cleanliness of the quarters 
and kitchens, for which, as well as for the personal habits of the men, the 
company commander is responsible. This officer is required by Regula- 
tions to inspect his command every Sunday morning, but with efficient 
officers this is a formality, as they are cognizant of everything bearing 
on the health or comfort of their men at the moment of its occurrence. 

The interior of the tents or huts should be scrupulously clean. In the 
temporary camp the floors should be dry; in the more permanent they 
should be dry and hard, or, if boarded, a plank should be taken up to ex- 
pose the condition of the site. The air ought to be free from organic 
taints, and the bedding from dampness; the underclothing in the knapsack 
clean, as well as that in use; and the condition of the person should form 
no unfavorable contrast with that of the kit. 

In temporary camps the blankets should be aired daily; and in the 
more permanent, in addition, the fly and roofing canvas ought to be 
thrown back to admit sun and air for the dissipation of organic exhala- 
tions. Nothing should be permitted to accumulate under the bedsteads. 
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Dogs are a camp nuisance which ought to be cleaned out. In fact, no 
organic contamination should be permissible in the small air-space, save 
that which of necessity arises from the occupancy. A hut in connection 
with the kitchen should be erected as a dining-room, and the carrying of 
food to quarters strictly prohibited. 

So far the preservation of the habitations in a state of comparative 
purity can readily be effected; but, as regards cleanliness of clothes and 
person, without which the other items of company police are deprived of 
much of their value, several circumstances combine to interfere with its 
satisfactory attainment. Chief among these are habits of carelessness 
engendered among the men by lack of facilities while on active campaign, 
with deficient water-supply in camps, or want of means to use it to ad- 
vantage. Foul camps from inefficient general police (regimental misman- 
agement) may render futile all attempts at the preservation of cleanliness 
by companies or individuals. The conditions of camp are so related and 
interdependent that neglect of one point is more or less harmful to all. 

Too little attention was paid to personal cleanliness in our army when 
on its war-footing. As a result, numbers of men were disabled on every 
movement by preventable chafings and ulcerations. Nor was positive 
disease lacking as a consequence, for the irritation of skin caused by heat, 
perspiration, the contact with underclothing hardened with moisture, 
organic elimination and epidermal debris from within, and dust and all 
manner of uncleanliness from without, led to papillary inflammation, ac- 
cepted in its milder forms as prickly-heat, but which, in cases aggravated 
by the nails of the individual and the browsing of the pediculus corporis, 
became erythematous, eczematous, and formed a special disease popularly 
known as camp eczema or camp itch. 

The amount of suffering and loss of rest from various degrees of this 
condition did much to impair efficiency, irrespective of the loss from men 
absolutely driven to hospital for relief. 

The disgust with which individuals of cleanly habits regarded them- 
selves and their neighbors, when more or less affected in this way, was 
often productive of low spirits and homesickness. The most careful men 
would become infected with the pediculus by contiguity, and their feelings 
would be as much fretted as their integument by the infliction. This 
may appear to be sentiment, but it had an anti-hygienic tendency, for, as 
Morache says in speaking of the gayety of the French soldier, " De la 
melancolie a la maladie, il n'y a qu'un pas," 

Again, to appreciate the evils accruing from unclean underclothing, it 
must be remembered, that in proportion as the fabric becomes matted 
with inspissated organic matters its virtue as a non-conductor is impaired, 
and its wearer exposed to danger from this secondary condition. 

Blankets also, which were seldom scoured — never would perhaps be 
nearer the truth — became deteriorated by permeation with extraneous 
matters, and by the foulness of their contact rendered cleanliness of the 
person impossible. 

Yet in all cases comijany officers can do much to improve the personal 
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police of their men. In summer little is required save inspection to de- 
termine condition and orders for its improvement. The men can wash 
in the open air. But, in winter, shelter and warmth must be provided. 
Huts should be built as lavatories, convenient to the water-supply, and 
with safe drainage to carry off the waste water either by surface trenching 
or through a covered sink. Such lavatories have been erected under the 
orders of energetic officers, and a hot-water supply extemporized by con- 
verting a camp-kettle into a boiler and connecting it by circulation-pipes 
with barrels from which the hot water could be drawn off by faucet as 
required. 

Not that improvisations of this character are recommended, but as 
showing what can be and has been done by officers who have had interest 
in the welfare of their men. The soldier should not be thrown entirely 
on his own resources. Each lavatory should be well outfitted in winter 
or other permanent camps, by the Quartermaster's Department. Bathing 
facilities are not here referred to, but facilities for cleaning the hands, 
face, and feet at any time, the whole body surface occasionally, and the 
underclothing and blankets, as may be required to keep them in fit con- 
dition for contact with an unsoiled skin. 

Bathing is a luxury which cannot be afforded the inhabitants of a 
large winter camp. In summer, however, no opportunity should be lost 
of enabling the men to have a plunge in the ocean or stream. The ordi- 
nary precautions must be taken to ensure invigoration as a result, and, 
in addition, it should be borne in mind that malarial poisoning contraindi- 
cates the cold bath. The chill to the surface in men liable to intermittent 
attacks is apt to be followed by a recurrence of the active phenomena of 
the disease. So well known was this to the troops stationed at such 
posts as Camp Grant, A. T., referred to in a previous section (page 94), 
that bathing ceased to be regarded as possible, although the gurgle of the 
})assing waters was constantly sounding an invitation in the warm sum- 
mer days. 

Before concluding this section on hygienic government, a reference is 
needful to certain camp conditions which predispose to, and exaggerate 
the mortality of all other diseases. These influence the system through 
the nervous centres, and are the result occasionally of disaster to the flag, 
but chiefly of the tedium which not unfrequently attaches to the life of 
the soldier. 

The fatigues of a march, and the excitements of an active campaign, 
stimulate the nervous energies to a high point. On the inauguration of 
a permanent camp, the labor necessary to secure shelter and comparative 
comfort fully occupies mind and body. But after a time, unless a healthy 
safety-valve be provided for the nervous force which has heretofore been 
expended in the superintendence of muscular action, and in vital resist- 
ance to exposures, the soldier becomes fretted by the tameness of his 
camp-life. Tobacco is smoked during this period of listlessness and inac- 
tivity, nominally to pass the time, but in reality for its sedative influence 
on the unemployed nervous system, until the circulation becomes poisoned, 
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and loss of appetite, impaired digestion, and prostration of nerve-power 
are the results — the last being manifested by languor, tremulousness, 
palpitations, and obscure cardiac pains. If alcoholic liquors can be ob- 
tained, they are much resorted to at these times, and the excesses tell on 
the nervous system by depressant action. Vicious dealings with the gen- 
erative function have, in individual cases, furnished the temporary excite- 
ment, and produced that subsequent collapse of the vital powers which 
has figured on the registers as " nostalgia." Gambling is the favorite ex- 
citement of many, and prolonged sessions are held in cramped positions 
and foul atmospheres, implying loss of sleep and disorder of assimilation. 

Excitement is craved — something to do to pass the dull hours. Drills 
and parades are better than nothing, as furnishing occupation and exer- 
cise; but they are distasteful to the men, as devoid of excitement and 
savoring of unnecessary work. 

Company commanders should cater to the tendencies of the leading 
spirits of their command. There are always certain men who can carry 
the crowd with them, either into foot and base-ball clubs and other out- 
door sports, or to minstrel troupes and semi-theatrical entertainments, 
which afford amusement to all, either as actors or audience. These men 
should be encouraged as the most valuable for the time-being in the 
camp. Horse-racing affords an interest to all; and target-practice — not 
the formal so many rounds per man of duty firing — but competitive 
shooting- by teams from the different regiments. Pedestrianism ought to 
be cultivated among infantry troops, and prize-matches arranged for 
favorable days. 

In large commands, men can be picked out with special talents as vo- 
calists, prestidigitators, gymnasts, etc., and these should be organized as 
an army company and encouraged by official recognition and assistance 
in catering for the amusement of the troops. Everything of this kind 
would be hailed with enthusiasm, 

A camp kept well amused will be a healthy one — free at least from all 
nostalgic influences — and the object to be gained, as promotive of efficiency, 
is worthy of special effort. In large commands, an officer should be de- 
tailed as Superintendent of Public Amusements, who should be manager 
of theatrical performances, races, competitive shooting and prize compe- 
titions of all sorts. If active and enterprising, he would save many from 
the sick-list, and tide the command over the tedium of winter quarters 
with undiminished nerve-force. 
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SECTION V. 

ON THE WATER-SUPPLY OF CAMPS. 

A dry site and neighborhood, with wood, water and grass, are the 
essentials of a salubrious camping-ground, the water being understood to 
be both plentiful and good. 

Quantity of supply has a bearing on health chiefly through its relation 
to personal cleanliness. It may, however, be so scanty as to require spe- 
cial precautions to prevent it from exercising a direct maleficence. 

On the march the water-supply is limited, consisting for each man of 
what is carried in his canteen. No dependence should be placed on the 
probability of replenishing it while on the route. Daily experience shows 
the policy of this suggestion. The guides for its use should therefore be, 
not the desires of the individual, but the water-level in the canteen, and 
the length of the day or journey. Ignorance or neglect of this rule is 
often the cause of much suffering, premature exhaustion, and demoraliza- 
tion among inexperienced troops on a long or hot march. 

On arriving in a camp where the water is deficient in quantity, the offi- 
cer who selects the site places a guard over the supply until the orders of 
the commandant concerning its distribution have been ascertained. 

In many parts of the West water is so scarce that judicious manage- 
ment is required to forward troops over the route. Some camping-sta- 
tions having only enough for one or two companies; the command, if 
larger, must pass in detachments. Or, it may happen that the distance 
between the nearest water-supplied sites is too great to be marched with- 
out rest, in which case a dry camp must be formed at some intervening- 
point. The passage of the Gila Bend Desert, 35 or 40 miles from water to 
water, is usually effected by making a night march of twenty-five miles, 
when the troops go into camp to rest for a few hours before resuming 
their journey, and to have coffee issued from a water-supply carried in 
the wagons. 

Railroad facilities are doing away with many of the dry camps and 
forced marches which our troops had to undertake en route to certain sta- 
tions; but on Indian campaigns the water-supply, from its scarcity, is 
sometimes such as to cause anxiety for the safety of the command. (See 
page 159.) 

The supply in permanent camps can often be increased by well-dig- 
ging, or, if the soil is dry and subsoil water low, by building reservoirs for 
springs or small streams which would otherwise run to waste, or by carry- 
ing the water in acequlas or surface-trenches from some distant source. 

While quantity is an accident which gives concern only in occasional 
cases, quality is an essential which has to be studied in every case. 
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In route-camps and the temporary strategic sites of an active cam- 
paign little opportunity is afforded for examination. The supply must 
be accepted as presented by nature, or, if manifestly impure, with such 
purification as can be hastily effected. The senses have to be relied on for 
the determination of purity. If free from turbidity, color, odor, and 
taste other than the fresh impression produced on the palate by aeration 
and the presence of a small portion of inorganic salts, it is pronounced 
good. This is the popular opinion based upon the popular experience. 
The professional opinion must be more guarded. Collateral circum- 
stances must be studied to impress it with more of scientific accuracy. 
If a careful survey of the surroundings appear to exclude the possibility 
of contamination, and if at the same time the results of experience be 
borne in mind, so far as they point out injurious effects from waters ap- 
parently pure, this primitive mode of water analysis becomes invaluable 
in the absence of more delicate methods. 

In permanent camps, so essential is a pure supply to the health of the 
command, that it should be obtained, even if some other point less hy- 
gienically important, such as convenience to the base of operations, should 
have to be given up in its favor. Questions of transportation and finance 
should in such camps be subordinate to those affecting the health — that 
is, the efficiency of the army. 

Potable waters contain mineral and organic substances, both of which 
may be present in limited proportions without exercising manifestly in- 
jurious effects. The former, indeed, in many instances, may be regarded 
as dietetic, presenting to the system materials which are needful to its 
well-being. When, however, they are present in excess, besides impair- 
ing the value of the water as a cleanser, they are liable to occasion en- 
teric symptoms and renal irritation. These results, like those of other 
dietetic errors of short standing, are easily controlled by correcting the 
fault in the dietary. 

The inorganic constituents of ordinary waters consist of certain gases 
derived from the atmosphere and soil, such as oxygen, nitrogen, carbonic 
acid, and ammonia; of combinations of lime, magnesia, and the fixed 
alkalies with chlorine, carbonic, sulphuric, nitric, and nitrous acids, to- 
gether with small proportions of iron, alumina, silica, and phosphates. 

The oxygen dissolved in water is of value to it as a purifier. It pro- 
motes the changes which the elements of organic matter undergo in their 
passage from complex and deleterious to simple and innocuous forms. 

In water, as in air, the nitrogen seems without active characteristics. 

Carbonic acid gives sparkle to the water and impresses the palate 
pleasantly. Its presence in quantity is frequently accompanied by excess 
of lime. Boiling, by driving off the gas, precipitates the lime held in 
solution by its aid, and renders the water softer. 

Ammonia in water is washed from the atmosphere by falling showers, 
in which case its presence is unimportant. But it may have been derived 
from the soil through which the water-supply has percolated, and as it is 
an ultimate product of the decomposition of organic matter, the signifi- 
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cance of its presence is dependent on its origin. Ammonia, harmless, 
with recent rainfalls to account for it, becomes a dangerous constituent 
when existing along with the organic substances from which it has been 
derived. 

Potash and soda salts are not unwholesome unless present in quanti- 
ties recognizable by the taste. Alkalinity can be so discovered; and, to be 
dangerous by their laxative properties, it is conceived that sulphates would 
require to be present in quantity appreciable by a delicate palate. Sodi- 
um chloride, however, has a significance dependent, like ammonia, on its 
derivation. It is a constant constituent, to the amount of one or two 
grains per gallon, in waters which have come in contact with the soil. Its 
presence in larger quantity requires investigation as to its origin. It is, 
above all others, the salt of the animal organism ; it is the salt of the ex- 
cretions. It abounds in the sewage of camps which is committed to the 
soil, and its presence in the water-supply in unusual quantity must be 
satisfactorily accounted for before warrant can be given for the use of 
water so impregnated. Infiltration of sea-water, or percolation through 
beds of rock-salt and other chlorinated formations, disclaims injurious 
effects from chlorides, unless in unpalatable quantity. Lakes and ponds 
where the outflow is limited, and an equable water- level, mainly preserved 
by active surface evaporation, may become charged with innocent chlo- 
rides by concentration. The Jordan River, which empties the contents of 
Lake Utah into the Great Salt Lake, contains ten and a half grains of 
chloride of sodium per gallon, but is by no means an unpalatable or un- 
healthy water. If, however, the salt cannot be accounted for in some 
such manner, special attention to organic impurity is indicated. 

Excess of alkaline earths in the water is productive of intestinal dis- 
orders. Other morbid processes are attributed to them, as vesical calculi 
and goitre ; but these have little interest to the camp hygienist, except in 
so far as tendency to disease implies deterioration of the system. In the 
form of carbonate they may exist in larger proportion without detriment 
than in other combinations. 

The iron, alumina, silica, and phosphates are rarely of importance as 
deleterious agencies. Waters which have remained for some time in con- 
tact with a clay stratum are often impregnated with an odor somewhat 
similar to that of organic decomposition, which renders them unpalat- 
able but not dangerous. 

Nitrates and nitrites are of interest only as the remains of previously 
organized materials. Their presence necessitates an inquir}- as to whether 
their origin is recent or remote. If recent, increased rapidity of flow may 
bring into the supply the unchanged principles from which they are 
derived. The organic impurities of such waters must be closely watched. 

In reviewing the inorganic constituents of drinking water, it is seen 
that their bearing on the question of organic contamination is chiefly 
dwelt upon. The injury which they effect ^erse is as nothing to the dan- 
gers which may spring from their azotized connections. 

Like the mineral substances, the organic matter may occasion gastric 
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and enteric disturbances, but unlike them it may be the source of disease 
which, when once introduced by the water, is propagated irrespective of 
it, and may destroy the efficiency of an army as quickly as it effects the 
destruction of the individual. Malarial fevers, dysentery, typhoid, cholera, 
yellow fever, the most formidable of camp diseases, have all been traced 
to impregnation of the water-supply. In the face of such possibilities the 
importance of the organic matter cannot be overrated. To the camp sani- 
tarian water analysis is virtually the analysis of the organic contamination. 

Inorganic salts are readily detected and estimated, and an opinion on 
their wholesomeness formed without doubt or hesitancy; but it is other- 
wise with the more dangerous constituent. Nothing is known of its com- 
position, nothing of its characters, nothing of the poison, germ, or speci- 
ficity which may attach to it in a given case. Its presence can be detected 
and its quantity approximately determined, but there is unfortunately no 
test for quality other than its effects on the system when ingested. 

Experience of this nature teaches that vegetable matters, generally 
speaking, are less virulent than those of animal origin. The analysis of 
the organic contamination must therefore embrace an examination of every- 
thing which can throw light on its history or derivation, and thus, as seen 
above, the inorganic nitrates, nitrites, sodic chloride and ammonia become 
involved in the investigation. 

Where facilities exist, an accurate determination of the inorganic con- 
stitution of the water should be made and recorded. For this purpose 
two or three gallons are required; and of course, in collecting the water, 
care must be taken to ensure that the sample contains nothing but what 
existed in the supply from which it was drawn. 

In commencing the analysis the specimen bottles are permitted to 
stand for three days to effect the deposition of all suspended matters. 
The clear water is drawn off by syphon, and the sediment examined for 
living and decomposing organic matter. 

In the rrieantime, on a filtered sample the hardness, total and perma- 
nent, is determined by soap-solution, and qualitative investigations insti- 
tuted to note the presence or absence of the various substances which are 
expected in such waters, and to specify their combinations. 

One or two litres, depending on the richness or poverty of the water in 
inorganic salts, are evaporated to dryness in a water-bath, and the residue 
weighed. It is then heated to destroy organic matter, care being taken 
that the temperature is not such as will induce changes in the minerals — 
calcination of chalk, deflagration of nitrates, decomposition of magnesian 
chloride, etc. After this process carbonate of ammonia is dropped on the 
residue to replace carbonic acid which may have been driven off, the am- 
monia is volatilized and the dried material weighed for the total quantity 
of inorganic solids in the water under examination. The difference be- 
tween this and the previous weighing represents the destroyed organic 
matter. 

The total solids are then boiled with dilute hydrochloric acid and 
water, and the insoluble silica filtered off, ignited, and weighed. 
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The acid solution is heated with ammonia in excess and the precipi- 
tated iron, alumina and phosphates separated, ignited, and weighed. 

The removal of the lime from the alkaline filtrate is accomplished by 
precipitation with ammonia oxalate — the lime-salt being afterward de- 
composed by ignition, and weighed as chalk after treatment with carbo- 
nate of ammonia. 

From the filtrate the magnesia is thrown down by ammonia and phos- 
phate of soda, ignited strongly, and weighed as pyrophosphate. 

One or two litres are treated with barium chloride in the presence of 
hydrochloric acid, and the precipitate allowed to settle for three days, 
when the greater portion of the water may be removed by syphon, and the 
sulphate collected on a filter, ignited, and weighed for the acid. 

One-half to one litre is concentrated and the chlorine estimated by 
silver solution of known value. 

A similar quantity is evaporated nearly to dryness and the carbonic 
acid determined by standard acid and alkaline solutions. 

One or two litres are evaporated to a small bulk with enough of barium 
salt to remove the previously determined sulphuric acid ; well-washed 
lime is then added, and the boiling continued for a short time to separate 
magnesia. The solution is therf filtered, and the dissolved calcium thrown 
down by carbonate and oxalate of ammonia. The filtrate is evaporated 
and ignited, but before weighing it must be redissolved and again treated 
with carbonate to remove the last of the lime. The alkali chlorides can 
now be weighed, the chlorine ascertained by silver solution, and the alkalies 
calculated therefrom. 

Nitric acid, when present, is determined as ammonia by distillation 
with zinc, iron, and caustic soda. < 

An examination of this character is required to give scientific accuracy 
to an important item in the medical history of a camp. But in cases 
where time and appliances are not available, where the question is sud- 
denly presented, and immediate answer demanded as to the wholesome- 
ness of the inorganic constituents of a given sample, the medical officer 
can aim only at that degree of accuracy which will furnish a satisfactory 
solution to the point at issue. This can usually be attained, in the absence 
of balance, burettes, standard solutions, and time for their application, by 
the aid of a few reagents, with test-tubes, spirit-lamp, and small evaporating- 
dish. But the method is based on the experience of the individual in the 
processes of water analysis, and its accuracy dependent on practice and 
observation. 

If 100 c.c, of the water be evaporated to dryness over the spirit-lamp, 
the quantity of the residuum may be expressed in grains per gallon by 
one who has often verified his estimate by the balance, while its appear- 
ance, its state of aggregation, whether layered over the capsule or left in 
the bottom by the last of the water, give hints as to its nature. Again, 
in heating to destroy organic matter, the development of the carbo- 
naceous coloring from pale fawn to black, with evolution of odor, conveys 
as much information as the balance can furnish in a case where quality is 
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of so much g-reater import than quantity. The addition of a few drops 
of water, showing the manner of solution, corroborates the inferences 
from the manner in which the water left the residuum. x\cidulation with 
hydrochloric acid conveys information, as tlie effervescence is greater or 
less, as it is mainly in the aqueous solution or advances in foam as the 
liquid is tilted over the less soluble film, or as it fails to dissolve until 
large excess of water is added. 

If the acid solution be diluted to 10 c.c, and excess of ammonia 
added, alteration in tint indicates iron and alumina. On boiling this 
alkaline concentration with oxalate of ammonia the quantity of lime is 
determined. Two grains of carbonate per gallon thus precipitated g-ive a 
non-granular opacity which is long in clearing. With four grains fine 
granules fall to the bottom, dusting it over, and leaving the supernatant 
liquid milky for a time. While with from six to ten, and upward, the pre- 
cipitate becomes flaky and falls more readily, leaving the solution clear, and 
giving a basis for its estimation by its bulk in the bottom of the test-tube. 
Collateral experiment on a sample boiled to throw down the lime carbo- 
nate indicates the soluble calcium salts. Sulphuric acid is estimated by 
the varying density of the baryta cloudiness, or, the operator being famil- 
iar with the appreciable mistiness produced by one grain of acid per 
gallon, may dilute the sample with volumes of acid-free water until the 
one-grain reaction is attained. The silver-test for chlorine gives a blue 
haze with one grain, increasing through various degrees of opacity, until 
with eight grains minute particles begin to float, and with ten a precipi- 
tation of small flakes takes place in the milky solution. The soap-reac- 
tions, also, to those practised in their application, are of much value in 
hygienic quantitative determinations. 

By such a series of experiments, occupying little more than the time 
required to evaporate 100 c.c. of water over a spirit-lamp, all practical 
questions relating to the inorganic constituents can be answered. 

But rough approximations are valueless in the case of the organic mat- 
ter. The quantity which may produce injurious effects, even in the 
absence of specific poison, is so small that in its estimation recourse should 
be had to the most delicate methods. 

For route and other fugitive camps no estimation is possible. Reliance 
must be placed on color, taste, and odor to indicate the possibility of dan- 
ger and the precautions needful. To detect odor a bottle half filled with 
the water is shaken, and the air with which the water has been, so to 
speak, washed, is submitted to examination. 

The presence of organic matter insufficient to give odor is indicated by 
blackening during its ignition, by reduction of gold in terchloride solu- 
tion, by decolorization of permanganate, etc. The last has been much 
used as a quantitative test, the amount of organic matter per gallon being- 
expressed in grains of oxygen from permanganate required for its de- 
struction. 

But the most delicate test of the presence of organic substances, and 
at the same time their most accurate measure, is that which sanitary 
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science owes to Professors Wanklyn and Chapman. The nitrog-en of the 
contamination is detected and determined as ammonia by the action of 
potassa and its permanganate. Ammonia pre-existing in the water must 
be removed before the application of the test; but as this gas is in many 
instances proportionate to the organic decomposition which has taken 
place in the water, its estimation becomes a formal part of the analysis. 

The ammonia separated in either case is determined by Nessler's re- 
agent. When a solution of mercuric iodide in iodide of potassium and 
potassa is added to a liquid containing ammonia, a reddish precipitate 
occurs; but, when traces only are present, a yellowish coloration is pro- 
duced, varying from the palest straw tint to a dark brown. The depth of 
tint, by comparison with that produced in ammoniacal solutions of known 
strength, is the measure of the ammonia present. Flat-bottomed cylindri- 
cal test-glasses, about an inch in diameter and five or six inches high, with 
a mark at the 50 c.c. level, are convenient for instituting comparisons. 

The Nessler solution is made by dissolving 3.5 grms. of iodide of potas- 
sium, and 1,6 of mercuric chloride, each in a little water, and adding the 
mercurial solution to the other until the saturation-point is reached, when 
the preparation is made up to 100 c.c. with concentrated solution of 
potassa. 

The standard solution for comparison contains 31.5 mgrm. of ammo- 
nium chloride per litre, one cubic centimetre of which is equivalent to .01 
mgrm. of ammonia. 

In conducting the analysis a certain quantity, say 500 c.c, of tlie 
water is distilled from a litre retort connected with Liebig's apparatus, or 
some other means of effectually condensing the vapors. The distillate is 
collected in a test-glass, which, when filled to the 50 c.c. mark, is replaced 
by a second. To the distillate in the first glass two cubic centimetres of 
Nessler's solution are added and the tint noted. Two or three minutes 
only are required for the full development of the color. Experience ena- 
bles the operator to give a guess at the strength of the ammoniacal solu- 
tion which will match it. He therefore runs into a test-glass ?f c.c. of the 
standard ammonia, fills to 50 c.c. with distilled water, and adds 2 c.c. of 
the test-solution. If the coloration thus produced be too faint or too 
deep, the experiment must be repeated with n -f 1, or n — 1 c.c, as seems 
required to match. In all cases where the proper tint is struck at the first 
trial it is well to guard results with a weaker solution on one side and a 
stronger on the other. 

The tints are well defined for each .01 mgrm. of ammonia present; and 
as they are perfectly clear and transparent, the distillation freeing the 
sample from inorganic salts which would interfere with the purity of the 
color, there is no hesitation or uncertainty in decision. 

When the ammonia in the distillate is comparatively large the colora- 
tion may be too dark for accurate discrimination ; in this instance one- 
half, one-fourth, or less, is taken, diluted to 50 c.c, and the color of the 
dilution matched for quantitative estimate. 

If the free ammonia be minute in quantity its volatility may carry it 
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all over with the first 50 c.c, in which case the second test-glass of distil- 
late will give no color Avith Nessler's solution. But, as it often happens 
that the second and third test-glasses will contain decreasing quantities, 
they must be estimated, and the distillation continued until 50 c.c. are 
collected, which show perfect freedom from ammoniacal taint. 

There is then added to the residual water in the retort 10 grms. of 
caustic potash and .400 grms. of permanganate, dissolved in distilled 
water which has been proved free from ammonia, and the distillation is 
continued. Under the action of these chemicals the nitrogen of organic 
matter is converted into ammonia, which is condensed and estimated, as 
was the free ammonia, in successive portions of 50 c.c. each, until no more 
is evolved. Here, also, the greater part of the ammonia drops into the 
first glass, and, if in large quantity, may require dilution for discrimina- 
tion of tint. 

From the total of ammonia in the successive test-glasses the amount 
per litre or gallon is calculated. English authorities record their results 
in milligrammes per litre, or, which is the same thing, in parts per million. 
If 500 c.c. have been placed in the retort, multiplication of the ammonia 
by 2 expresses it in accordance with this system. 

This test, so sensitive to the presence and accurate in the determina- 
tion of nitrogenous matters, gives, unfortunately, no hints as to their 
toxic qualities. These must be drawn from other considerations. A 
study of the possible sources of contamination may sometimes exclude an 
animal derivation. Absence of free ammonia, nitrates, nitrites, and chlo- 
rides will also exclude it. Presence of much free ammonia, with organic 
ammonia small, indicates influx of rain. Free ammonia small and organic 
matters large, give, in the absence of nitrites, a recent vegetable origin to 
the contamination. Free and organic ammonia, both large, in the absence 
of rainfall, nitrites and chlorides, is indicative of vegetable impurity and 
decomposition. Presence of ammonia, free and albuminoid, with nitrites, 
points to danger from animal matter; and the conjunction of ammonia, 
chlorine and organic matter, implies sewage infiltration either by gross 
contamination of the soil or the establishment of sink-connections. 

While the ammonia distillations are progressing the operator can de- 
termine the presence or absence of nitric and nitrous acids and estimate 
the chlorine. Sprengel's test for nitrates is the best for the military sur- 
geon: 20 or 30 c.c. of the water are evaporated to dryness, and a drop of 
the test-solution, consisting of one part of carbolic acid, four of sulphuric, 
and two of water, is added to the dried residue, producing a reddish- 
brown coloration when nitric acid is present. Nitrous acid is detected by 
the blue color when iodine is liberated in an iodized starch solution. 
Chlorine is estimated volumetrically by a decinormal or other standard 
solution of silver. 

Any or all of these inorganic forms of matter may be present in a 
water without detriment to its quality, provided organic substances do 
not coexist. Their organic origin is so remote as to deprive their pres- 
ence of serious meaning. But when a trace of vegetable or animal matter 
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accompanies them, their presence adds to the suspicion with which the 
water should be regarded. Indeed, certain proportions of organic ammo- 
nia distilled from the sample should condemn it irrespective of all other 
considerations. 

In turbid waters the organic matter held in suspension is of interest in 
this connection, as in the absence of subsidence or filtration it may be as 
harmful as when dissolved. Moreover, it is present under circumstances 
favorable to its disintegration and solution. 

Sediment varies in weight per gallon, chiefly owing to its inorganic 
constituents. The microscope gives information concerning them, and 
also with regard to the living and dead organized material which may be 
present. Few waters are free from infusoria when a drop of the sedi- 
ment is examined, but no practical generalizations have been reached. 
All are connected with impurity. The writer is induced to believe that 
a prominence of living vegetation on the microscopic field is more likely 
to correspond with a wholesome water than is the case with any other 
organic appearance. 

While a water may be dangerous from dissolved organic matter in the 
absence of sediment or of nitrogenous substances in the sediment, the 
presence of the latter may be regarded as evidence of its existence in solu- 
tion, not so much as a consequence, but as a coincident fact. As the 
result of many experiments on Western streams, one-quarter of a grain 
of organic sediment per gallon (obtained by ignition and the balance) led 
to the expectation of organic ammonia in quantity sufficient to throw 
suspicion on the wholesomeness of the water. 

But, having pronounced upon it in the first instance, the duty of the 
medical officer in relation to the water-supply has only commenced. Con- 
stant watchfulness is required to guard against contamination, either in 
source or distribution, and frequent examinations to detect deterioration 
before it is forced upon notice by the occurrence of preventable dis- 
ease. 

The sanitary bearing of any variation in its constituents must be de- 
termined, but, above all, the organic contamination must be noted at 
intervals, and its increase carefully investigated and traced to its 
source. 

Every health officer will acknowledge the necessity of thus guarding 
the water-supply in camps where soil-pollution is the inevitable conse- 
quence of continued occupation, and where all formidable outbreaks of 
disease are connected with organic impurity. Yet this care is seldom 
bestowed, chiefly from an impression that the organic matter lies beyond 
the scope of our present means of research. It is true its quality, its 
action on the human system, cannot be predicated from the results of 
chemical examination; but, when certain limits of organic impregnation 
can be defined, within which experience shows the water-supply to be in 
general innocent and beyond which there is liability to disease, the method 
which can accurately state the position of a given water with regard to 
those limits should not be overlooked. The process occupies but little 
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time, and, while combining delicacy with accuracy, its simplicity — a dis- 
tillation and matching of well-marked tints — excludes the likelihood of 
manipulative errors. 

British analysts are guided in their decisions as to the allowable limit 
of impurity in potable waters by the opinion of Wanklyn, who looks upon 
albuminoid ammonia above .10 per million as a suspicious sign, and con- 
demns water containing over .15 parts. Most of the waters condemned by 
these sanitary officers are from wells which on examination show sewage 
infiltration, rivers which are polluted by settlements nearer their source, 
and waters generally on which the suspicion of typhoid, diphtheria, or 
other animal poison has been cast. Prof. Wanklyn's limit must therefore 
be regarded as applying to animal contamination. It is the limit which 
in our country we ought to accept in the denser settlements, and in every 
case where an animal origin to the organic matter is indicated by careful 
survey or chemical analysis. 

Not that typhoid developments are to be expected in every case 
where the organic ammonia exceeds this limit, but that experience shows 
greater probability of their occurrence with a water thus impregnated, — 
the animal poison of typhoid being more likely to be present with a large 
than with a small organic pollution. 

But when animal matter is excluded by the circumstances of the case, 
this limit must be extended. The waters of the purest mountain streams 
in our unsettled West, where animal contamination is an impossibility, 
contain .14 parts of organic ammonia. At other times they may yield 
.20, ,25, or more parts per million and yet be regarded as comparatively 
innocent. In 1875, when the writer first investigated the organic impurity 
of these waters, no doubt was thrown upon their wholesomeness until .50 
was reached, when the letter of the medical officer (Dr. Hoff, U.S.A., at 
Fort Sanders, AA'yoming Territory), who forwarded the sample, spoke of 
low fevers which had existed at some previous time and had been attrib- 
uted by the settlers to impurity in the water. In reporting at the time on 
these analyses to the Surgeon-General's Office, the following language was 
used: 

"What is the cause of the large amount of organic matter in our 
Western streams as compared with that in the waters of Britain ? These 
streams ought to be pure, if pure water is to be found in nature, as they 
run through no populous districts, and are thus free from the sources of 
contamination against which sanitary officers are most on guard. They 
spring from a cleft in the rocks, are mostly rapid in their course until tliey 
reach the plains, and are fed by the rainfall and the melting snows. 
There seems nothing left by way of explanation than the wildness of the 
country through which they run. In England the fields are fenced in and 
the soil cultivated to the very banks of the streams, the woods are well 
kept, and the swamps drained and reclaimed; but here there is no cultiva- 
tion; vegetation lives, and, instead of being garnered up, dies and decays. 
The forest trees fall and rot where they fall. I have been in the Uintah 
Mountains where are the sources of Black's Fork, and among the pines 
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covering the slopes of the ridg-c there are more fallen trees in all stages 
of decay than living ones in those untouched forests. Through such dead 
vegetation the streams have to force their way, and it would be singular 
indeed if they did not take up a portion of the soluble organic matter. 
But, in addition, in the tangled willow-growth of the valleys, where, as in 
the forests, the growth of to-day rises from the decay of ages, the beaver 
dams up the stream, and vast masses of water are stagnated, to dissolve 
the dead vegetable tissues, and find their way by slow degrees back into 
the beds of the running water. 

" That the dissolved organic matter is vegetable in its origin, is also 
shown by the absence of chlorides and nitrites, and that it is recent by 
the frequent absence of ammonia. 

. . Of the waters given above, all would be condemned by 
British authorities, with the exception of the Omaha well (.10 parts), and 
even it would be looked upon with suspicion. Such waters in England 
would be the centres of so many typhoid fever ranges, while here there are 
but a few sporadic cases recorded. And now, how comes it that the large 
amount of organic matter in our streams is productive of so little injury 
to the people using them ? Undoubtedly because of the character of the 
organic matter. It is vegetable in its nature. Then we must assume that 
vegetable matter dissolved in water is less hurtful than that of animal 
origin, and that, instead of .07 being suspicious and twice this amount 
dangerous, which may apply to animal matter, .30 is allowable, .40 sus- 
picious, and .50 dangerous, as at Fort Sanders we are first confronted 
with a possibility of typhoid fever in connection with the water-sup- 

ply-" 

But this estimate of the allowable limit of vegetable matter was soon 
shown to be too high. Continued observation of the organic nnpurity, 
and of the health of the communities making use of the waters, demon- 
strated the connectioii between the adynamic remittent of those regions 
and the impure water-supply. 

In studying mountain fever clinically, its malarial origin was recog- 
nized, and investigation led away from any suspicion of the water to a 
search for obscure causes of malaria. Innocent mountain valleys, which 
never originated a chill other than that from severity of weather, were 
looked upon with suspicion as the probable source of a malarial disease as 
dangerous to the individual as is typhoid fever. Yet some facts con- 
nected with the history of the disease, such as its occurrence with the 
thermometer at zero or below, seemed absolutely inconsistent with a 
malarial origin. Dr. Roberts Bartholow, in his report from Fort Bridger, 
Wyoming, for September, 1858, gives a good picture of the disease, and 
concludes his reference to the cause thus: "In the present state of our 
knowledge upon the subject of this aerial poison, it must be confessed that 
the cause of this fever must be sought elsewhere than in the theory of a local 
poison. The occurrence of this fever may be plausibly accounted for upon 
the theory of latent malaria becoming sensible in a rarefied atmosphere 
and at a considerable elevation." Hertz, writing for Ziemssen's Cyclo- 
VoL. II.— 9 



130 



HYGIENE OF CAMPS. 



pjedia ' at a later date, thus expresses the uncertainty: "Whether similar 
conditions will be found to exist explaining the origin of mountain fever, 
such as a rocky soil with clefts and chasms containing damp and decaying 
detritus, is not yet determined." 

From a clinical point of view, the cause of the disease was surrounded 
with mystery. But these perplexities vanished when variations in the 
organic impurity of the Avater were shown to correspond with variations 
in the intensity and prevalence of the disease." 

As animal matter, in certain stages of its decomposition or envelop- 
ing specific germs, gives expression to its presence in the system by the 
developments of typhoid fever, so vegetable matter, in certain stages of 
its decomposition or enveloping specific germs, gives rise to an adynamic 
remittent, for which the writer has suggested the name of aqua) iiah (rial 
fever. 

Viewed in its connection with this affection, the organic ammonia 
should not exceed, 16 parts, for, when .20 is reached, the disease makes its 
appearance and becomes more pernicious in individual cases as the amount 
increases. Not that aquamalarial developments are to be expected in 
every case where the organic ammonia exceeds this limit, but that ex- 
perience shows a greater probability of their occurrence with a water thus 
impregnated, — malaria being more likely to be present witli a large than 
with a small vegetable contamination. 

All natural waters have a history which indicates in general terms the 
character of their probable insalubrity. Arising by surface evaporation, 
their vapors pervade the atmosphere, until, having reached a certain point 
of cumulation, some electric or other change in surrounding conditions 
causes condensation and precipitation, as rain or snow. Having thus 
reached the earth, they divide into a superficial and a deeper layer. The 
former is collected in such natural reservoirs as rocky tanks and clay- 
bottomed basins, or more generally is drained off by shallow surface 
courses into the main river-beds. The waters of the latter penetrate the 
soil to a greater or less depth where they stagnate as on the surface, or 
more generally drain to lower levels, where some break in the crust per- 
mits their reappearance as springs which channel out surface-courses and 
become the radicles of the running streams. 

In their progress through the air as vapor and cloud the waters become 
impregnated with many soluble impurities, and in their fall as rain, and 
especially as snow, they entangle and carry down all the organic material 
which is diffused through the atmosphere. That the rainfall is a purifier 
is manifest to the senses, but chemical analysis is required to give ade- 
quate expression to the extent of the purification. The rainfall on the 
Rocky Mountains, where contamination from any but natural processes is 
thoroughly excluded, contains .16 parts per million of organic ammonia. 



'Vol. II., p. 567, New York, 1875. 

'-' Mountain Fever and Malarious Waters: Smart, in Am. Jour. Med. Sciences, 
January, 1878. 
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The snow, which falls in heavy flakes and forms the bulk of the annual 
snow-precipitation, gives from ,40 to .60 parts, depending, no doubt, upon 
the condition of the aerial regions through which the clouds have swept 
previous to and during their earthward fall. Snow collected on the 
Wasatch and Uintah Mountains, in Utah and Wyoming, yielded these 
amounts. 

Viewing cloud-precipitation as a purifier, all surface waters — pools, 
ponds, tanks, snow-water streams and rain-water courses — have, of neces- 
sity, an organic impregnation proportionate to the impurity of the at- 
mosphere through which they have circulated, while their inorganic con- 
stituents, in consequence of slight contact with the soil, may m general 
be overlooked. 

On the other hand, in their percolation or filtration through the sur- 
face-layers of the earth, this organic impurity is removed; but, in the 
meantime, inorganic salts have been dissolved to an extent dependent on 
the character of the strata. On their reappearance as springs, the aerial 
contamination is less liable to interfere with the wholesomeness of the 
supply than are its inorganic constituents. Deep wells may be regarded 
as artificial springs. In shallow wells, soluble strata and insufficient fil- 
tration indicate the possibility of inorganic unwholesomeness and vegetable 
impurity. River waters are variable in quality in proportion as spring or 
surface water contributes to their volume. Each dilutes the other. In 
them there is neither so much mineral matter as in the springs, nor so 
nmch of the air-swept organic taint as in the rain and snow. During seasons 
of flood tlie vegetable contamination is augmented, chiefly from the in- 
creased proportion of the surface water, but in part, no doubt, to the dis- 
integration and solution of organic matter carried down in their turbidity. 
Black's Fork, Wyoming Territory, with an impurity of .14, when most 
free from surface admixture, gave .28 parts per million when swollen by 
melting snows. The Little Wind River of Wyoming, a stream running 
over its rocky bed, clear and fresh from the snow of the mountains, with 
only two and a quarter grains per gallon of inorganic matters, gave .34 
parts of organic annnonia. The North Platte River, in various stages of 
flood and turbidity, yielded from .30 to .50 parts per million. And so of 
other streams. 

Deep wells and springs furnish a water in general free from the proba- 
bility of aquamalarial or typhoid infection; but their use may be contra- 
indicated by the presence of inorganic matters. 

Shallow wells have aquamalarial possibilities which must not be over- 
looked, and, in addition, are liable to animal contamination from a sur- 
ciuirged soil. 

Rivers are more liable than the wells last mentioned to be the source 
of aquamalarial disease, but are less dangerous, generally speaking, from 
animal nuitter, owing to dilution and rapid oxidation. 

Surface ponds are certainly unwholesome from their vegetable impreg- 
luition, and are exposed to possibilities of animal poison. Concentration 
by eva])()rati()n may render them still more deleterious. 
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Snow-water, pure and fresh as it appears in its course from the moun- 
tains, is dangerous on account of vegetable impurity. " There has long 
been an opinion that snow-water is unwholesome." ' The writer is in- 
debted to Dr. ,T. .r. IMilhau, of New York city, recently Surgeon U.S.A., 
for an illustrative specimen of the experience which gave birth to such an 
opinion. As this matter is still sub judice, and its bearing manifest on 
camp water-supply and camp diseases, no hesitation is felt in quoting Dr. 
Milhau's report, particularly as the edition " in which it appeared was 
limited, published as it was at the commencement of our late war. Its 
every word, written twenty years ago, points to the snow-water as the 
origin of the fever in camp ; yet its author's arraignment of the water, 
qualified as it is, must be accepted as professionally bold, in the absence 
of a knowledge of the amount of its organic impregnation, and in the 
face of its apparent absolute purity. 

" On the 1st of July, 1858, the first column Utah forces, consisting of 
Company A, Engineers, and six companies of the Sixth Infantry, in all 
19 officers and 348 enlisted men, under command of Lieut.-Col. Andrews, 
Sixth Infantry, encamped at Elk, or Butte Creek, near the base of Medi- 
cine Bow Butte, lat. 41° 41' N., long. 106° 3G' W.; elevation above level 
of sea about 7,000 feet. 

"The camp was pitched in a grassy valley watered by a number of 
small streams coming directly from the melting snows on the mountains. 
The water was icy cold, clear, and perfectly free from the alkaline tast(^ 
generally found in the waters of that region. The neighboring mountain 
was clothed with a dense forest of spruce, fir, and pine, and its upper third 
covered with snow. 

"As this locality presented every advantage for a good and healthy 
camp, the command made a halt for five days, for the purpose of recruiting- 
and refitting. On the 30th of June a working-party of ninety men was 
sent on ahead to make the road on Stansbury's trail, through Bridger's 
Pass. 

" On the fourth day of the halt a severe form of fever very unex- 
pectedly made its appearance in the command, which in four days placed 
thirty-five men on the sick report, and news was sent back from the 
working-party that twenty of the ninety men were unfit for duty on ac- 
count of this disease. 

" The camp was broken up and the command continued its line of 
march, making easy marches and frequent halts; but the disease continued 
for nearly three weeks, and until the column reached Green River. Five 
officers and one hundred and five enlisted men were treated for the dis- 
ease, besides a large number of teamsters and herders, of whom no record 
was kept. 

" DescriiMon of the disease — Name. — This disease is called mountain 



' E. A. Parkes : Manual of Practical Hygiene, p. 9, London, 1866. 
^ Statistical Report on the Sickness and Mortality in the Army of the United 
States. By R. H. Coolidge, A. S., U.S.A. Pp. B04-5. Washington, 1860. 
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fever by tlie trappers and niouiitaiii-inen, who state that they are fre- 
quently affected with it in the spring, when following up the rivers to 
their sources in the mountains for the purpose of trapping beaver. This 
is in May and June, when the ice in the streams breaks up and the snow 
commences melting. These trappers also state that the Indians are sub- 
ject to the same disease when roaming through the mountains in the 
spring." 

The symptoms as given in the report are omitted as irrelevant to the 
point at issue. 

" Cause. — When the disease showed itself the command was encamped 
in a locality which seemed free from all local cause of disease ; it attacked 
both officers and men with equal violence ; those who had marched, and 
those who had ridden ; those who had been on guard and on fatigue, and 
those whose duty was light ; those who had worked in the water making 
roads and crossing trains, and those who had remained in camp compara- 
tively idle ; all appeared equally subject to the influence of the disease. 
The first case that occurred was that of a sergeant who had been hunting 
in the mountain, and, becoming much overheated and thirsty, drank 
freely of the melting snow. The next two cases occurred in men who 
had been burning charcoal in the mountain. I naturally concluded that 
the cause was to be found in the mountain; but when the disease .spread 
generally throughout the command, without reference to the nature of 
their exposure, I was at a loss to find a satisfactory cause. The water 
used by the troops came directly from the melting snow on the moun- 
tains. The temperature in camp ranged from 22° F. at night to nearly 
1)0° in the day, and I think that the combined influence of hot days, 
cold nights, and the use of snow-water was one element in the cause pro- 
ducing the disease. The trappers say that this fever is a kind of seasoning 
to the mountain air, and I am disposed to look upon it as a fever of ac- 
climation." 

Many outbreaks of fever connected with the use of snow-water have 
been observed in the West by our medical officers, but in none of the 
reported cases have the conditions affecting the command been so clearly 
stated as in that quoted. 

Dr. Charles Brewer, U.S.A., in the volume from which the above ex- 
tract is taken, is reported, p. 313, as saying that: " Mountaineers, to whose 
long observation and experience in the wilds some attention is due, at- 
tribute the origin of the so-called mountain fever to the melting of snows 
and the drinking of snow-water." 

Snow-water, therefore, pure as it seems, must not be accepted as inno- 
cent until its freedom from organic ammonia in deleterious or suspicious 
quantity has been proved. This, in fact, should be the test of all camp 
water-supply where contraindications to its use are not furnished by its 
sensible properties. An amount of organic ammonia in excess of .20 parts 
per million demands a radical change in the water-supply, either by the 
abandonment of river or other surface waters in favor of wells or springs, 
or by their purification by filtration on a large scale. Small charcoal- 
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filters arc valuable for individual use on the march or in the slilfting- 
camps of active service, but are inadequate to meet tlie (>-cncral question 
of camp supply. In such cases, also, simple boiling-, or boiling Avith tea, 
destroys organic matter, coagulating albuminoids and precipitating lime. 
Alum and permanganate are also used as purifiers. 

A pure and adequate supply having been found, no precaution should 
be omitted to preserve it in its natural purity. On rivers, points must be 
indicated for washing, and due care taken that the supply be not polluted 
for camps on a lower level. Wells require constant supervision lest they 
be tainted by sewage seams or surface washings. They should be walled 
in and frequently inspected. In the experience of the writer an unwalled 
well in the public square of Tucson, Arizona, contained the decomposing 
body of a man who had stumbled into it four or five days before the source 
of the organic taint was discovered. In a more recent case an officer ap- 
plied for permanganate to drop into a cistern in which subsequent inspec- 
tion discovered the putrefying body of a cat. Cases such as these indicate 
the necessity for repeated inspections of the water-supply, irrespective of 
that chemical examination which has, in this section, been so strongly 
urged. 



SECTION VI. 

ON THE CAMP KITCHKX AND COMMISSARIAT. 

The food-supply is furnished by the Subsistence Department, which is 
responsible for quality. Quantity is defined by the Regulations. Its due 
preparation for consumption lies with the consumers. 

As the soldier in camp is either engaged in active duties, or resting 
and repairing waste before entering on a new campaign, his ration or 
daily allowance of food should be liberal. The average appetite of the 
command is the theoretical measure of this allowance, but in practice 
this must be exceeded to afford a margin or surplus for contingencies. In 
the absence of such a margin there is liability to disease requiring special 
expenditures of food and other supplies by the medical department, which, 
with loss of efficiency and the accidents which may result from that loss, 
sum up the high price paid by governments for entailing suffering on 
their troops by a deficient dietary. 

Overfeeding has its dangers, but they are limited and trifling com- 
pared with those which attend the opposite condition. The system can 
throw off the small surplus, but deficiency leaves some tissue unrepaired 
and power proportionately lessened. If the soldier is a machine, as he 
has sometimes been called, he shovxld be kept in good repair and well sup- 
plied with motive power. Unrepaired losses weaken the system and ren- 
der it prone to succumb to the morbific influences and exposures of camps 
and campaigning. Armies have been disarmed by a deficient dietary, but 
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never by the overfeeding consequent on the establishment of a liberal 
ration. 

Scientific investigations into the quantities of food used by mankind 
under varying conditions of labor and repose have shown that about fifteen 
ounces avoirdupois of water-free food are required for what Dr. Playfair 
calls subsistence diety to carry on the internal work of the body. Any 
labor other than this organic work — any outward manifestation of force, 
demands an increase of the diet over 15 oz. proportioned to the amount 
of force expended. The diet of a healthy adult in moderate and usual 
exercise will contain, according to Prof. Parkes, on an average in twenty- 
four hours, 23 oz., while under great exertion it will be raised to from 26 
to 30 oz. and over. Dr. Playfair's estimate is much similar; with easy 
work the male adult requires 35 oz., in active work, 28.9 oz. 

The soldier's ration should manifestly contain not less than 30 oz. of 
water-free food, to fit him for the active work which requires that amount 
of reparative supply, and to lay to his credit during periods of temporary 
respite from labor a fund on the books of the Subsistence Department, on 
which he can draw when the exigencies of service require the increased 
exertion which is incompatible with the ordinary ration. 

Furthermore, these 30 oz. should consist of albuminoids, fatty, sac- 
charine, amylaceous, and saline substances in certain proportions. Indi- 
vidual and national habits moulded upon taste, climate, abundance of 
particular supplies, etc., cause much variation in the proportions in the 
extreme cases. But the average which fits the necessities of the system 
under ordinary circumstances has been determined, and is given by Dr. 
Parkes, as .60 of fat, and from 2.5 to 3.5 of starches, to each part of nitro- 
genous food. The thirty ounces of the ration thus distributed, would 
give: 

To albuminates 5.69 

" fats 3.41 

" starches 19.90 , 

" salts 1.00 J 

Having thus gathered, from those writers who have devoted most 
attention to the subject, the data by which we may judge of the suffi- 
ciency of a given dietary, the ration, as it is usually issued in our camps, 
may be investigated. 

In the selection of the articles of the camp supply, price, portability, 
and permanence, or non-liability to deterioration, enter as primary con- 
siderations. Meat and bread are the staples, but the necessities of camp- 
life require that the latter be hard bread or biscuit, and that the former 
be salted, if it cannot accompany on the hoof the movements of the com- 
mand. Among the vegetable products available for camp use are beans, 
peas, rice, corn-meal, pickles, dried fruits, and desiccated vegetables. 
Coffee, sugar, and salt are valuable portions of the camp food-supply. 

The camp or active service ration of the United States army consists, 
as usually issued, of: 



1 = 30 oz. 
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12 oz. pork or bacon, or ) Generally issued in the proportion ^ pork and 
20 oz. fresh beef. ) | beef, or 3 days' pork in 10 days' rations. 

16 oz. hard bread. 

2.4 oz. beans or peas, or / Beans generally issued; rice occasionally ; peas 
1.6 oz. rice or hominy. f and hominy seldom. 
1.6 oz. green coffee, or \ 

1.28 oz. roasted coffee, or > Green coffee the usual issue. 

.24 oz. tea. ) 

2.4 oz. sugar. 

.04 qts. vinegar. 

.6 oz. salt. 1 

.04 oz. pepper. 

To these are added .64 oz. soap and .2 oz. candles, but they do not 
enter into the present question. 

The nutritive value of this ration is as follows: 

Albuminates 4.99 

Fats 4 09 

Starches 15.26 

Salts 1.23 



Oz. avoir., 25.57 

Comparing this with the model ration there is found to be a deficiency 
of nitrogenous and amylaceous substances, and a. slight excess of fat. If 
the last be placed to the credit of the deficient starches in proportion to 
its heat-giving powers, .68 fat being the equivalent of 1.63 starch, the 
above valuation is simplified by showing only its deficiency, thus: 

Albuminates 4.90; deficiency, .70 oz. 

Fats ;3.41 

Starches 16.89; deficiency, 3.01 oz. 

Salts 1.23 



26.52 oz. avoir. 

Our ration, therefore, while amply sufficient for easy labor, sustaining 
even an approach to hard work, is inconsistent with active service and 
wholly inadequate to carry the soldier uninjured over the frequent toil- 
some passages of a campaign. It is true its nutritive value is greater 
than that of the ration furnished by some governments; but the sufficiency 
of one diet cannot be proved by the insufficiency of another. The British 
soldier has 24.33 oz. as compared with our 26.52 oz. 

An additional per diem to the diet of the individual is needful in our 
camps to keep the soldier at his maximum of strength, the addition con- 
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oisting of three-fourths oz. avoir, nitrogenous and three oz. carbonaceous 
material. 

So far quantity only has been considered, but after a time variety 
comes to have an importance as great. Malnutrition arises from same- 
ness of diet as surely as from deficient quantity. The complex character 
of the organic tissues requires that their reparative material be gathered 
from many sources. The distaste Avhich follows the use of an unvaried 
dietary, however well arranged as to its carbonaceous and azotized pro- 
portions, shows that it does not fulfil all the requirements of the system. 
Something is wanting. The deficiency may be in some form of oil, sugar, 
or starch, in the salts of an organic acid, or in the mineral matter in more 
or less organic and essential combination with some albuminoid. Some- 
thing is required to perfect certain of the tissues, and its want after a 
time is expressed by distaste for the diet and a longing for change, as the 
want of food in general is expressed by appetite or the sense of hunger. 

Experience has shown the field of variation consistent with apparently 
healthy nutrition, and can point out the dangers attendant on a limitation 
of that field. 

The framers of the ration undoubtedly conceived that they had pro- 
vided the nitrogen and carbon sufficient for all emergencies. In this they 
were mistaken, and the mistake renders their provision for variation of 
the diet of no effect. Savings on any part of the ration are to be traded 
off for other articles of equal money value. If the men of a conqjany do 
not use their beans, the value of the saved beans can be drawn in desic- 
cated vegetables, dried fruit, etc. Every part of the ration has its money 
value, and the value of the unused parts constitutes a company fund to 
be applied by the company commander in varying the diet or in increas- 
ing the quantity of a deficient article. 

Most of the savings are made on the bacon, which has been shown 
above to be in excess of the wants of the system; and as has been well 
remarked by Dr. Perin, U.S.A., in his report on this subject to the Sur- 
geon-General,' " It may be added also that here is the origin of the exag- 
gerated idea that the army ration is so abundant that the men cannot 
consume it." 

But on active service Avhat is saved on fat has to be spent in the pur- 
chase of flour, and all additions or extras to the diet have to come from 
the private funds of the soldier. 

In some cases, with judicious company commanders, easy work and 
cheap vegetable markets, the fund raised on the present ration may suffice 
for all the needs of the command. But this is not enough. It should 
suffice for all commands, and not alone for the few exceptionally favored. 
Nor should these cases be brought forward as proof of the sufficiency of 
tiie ration, and of the neglect or carelessness of company officers whose 
men are harder worked and less favorably situated as to country produce. 



' Quoted in Circular No. 8 : Report on the Hygiene of the United Spates Army, 
Washington, D. C, 1875. 
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Ju permanent camps — camps of occupation, sucli as are tlie various 
posts scattered throughout our Indian country — company gardens can fre- 
quently be cultivated, and a sup])ly of fresh vegetables secured in their 
season, with pickles for winter use. Again, in many camps the produce of 
hunting and fishiiig parties varies the diet and saves the regulation ration 
as a fund for further variation when a market is available. These circum- 
stances have combined to obscure the insufficiency of the ration. 

Drs. Perin and McParlin, U.S.A., ventilated this subject in 1875, 
and the case in their report is stronger than the one above presented, in- 
asmuch as they deal primarily with the barrack or peace issue of 18 o/. 
of soft bread, as against tlie more nutritive IG oz. hard bread of the field 
or camp ration. 

Since the date of their report an official acknowledgment has been 
given of the insufficiency of the soft bread ration, when unaided by the 
produce of company gardens, by an order authorizing its increase to 
22 oz. at posts wliere vegetables cannot be raised, the increase being evi- 
dently intended for their purchase, as bread cannot take the place of fresh 
vegetables in the dietary. But this, which makes the barrack ration 
24.05 oz. water-free food, instead of 21. Go, is manifestly inadequate, out- 
side of the consideration that where vegetables cannot be raised they are 
necessarily high-priced. 

If the ration recommended by Drs. Perin and McParlin were adopted, 
one varying from 27.98 to 33.61 oz. avoir, according to the method 
of its issue, the extra ounces would tend to relieve the medical depart- 
ment from the care of so many scurvy cases annually, and prevent the 
immense amount of deterioration of system which must coincide in 
camps with the existence of one case marked scurvy on the records. Dr. 
Billings gives, in this connection, a statement of the cases of scurvy in 
the army, which, when summed up, shows for the years 1868 to '74 re- 
spectively, the numbers 133, 199, 87, 86, 61, 36, and 33. The decrease in 
the latter years is owing to increased cultivation of vegetables in com- 
pany gardens. No other argument than this list is required to show the 
inadequacy of the ration to secure a proper variation of the diet by sav- 
ing and exchange. 

The experience of the writer has demonstrated the existence of a gen- 
eral scorbutic taint among troops supplied with the regulation ration and 
with more than the average home-growth of vegetables — an enervating* 
taint which saps efficiency without appearing as scurvy on the medical 
registers. He has, therefore, in view of what has been stated regarding- 
diet, no hesitation in saying that the issue to the soldier in permanent 
camps, on a peace or soft-bread ration, should not be less than 30 oz. 
avoir, of properly constituted water-free food, and that the field, war, or 
hard-bread ration should consist of 35 oz., to meet emergencies and afford 
a sure margin for the purchase of those vegetables which the nature of 
their service prevents the troops from raising. 

Were vegetable markets and grocery stores of necessity next-door 
neighbors to our camps, the constituents of the ration furnished by the 
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Subsistence Department, ontside of the main supplies of bread and meat, 
would have no interest beyond their money value. But suoh stores are 
generally beyond the reach of camps, and when they do exist their prices 
are graded on the scarcity of the article. When a thing is most wanted 
its value is greatest. A dollar a pound for sugar has been asked by 
traders when the subsistence supply failed on account of accident to 
transportation. 

It follows that the ration issued to the troops ought to constitute, of 
itself 3ind independent of fund purchases, a full and complete, if not very 
varied dietary. Since the late war the supply department has kept on 
hand for sale a number of extra ai-ticles, dried and canned fruits and 
vegetables, pickles, etc. But it is questionable if the purchasable articles 
would be on hand in war times, when difficulty is frequently experienced 
in having the articles of issue on the camp-ground. Potatoes, di-ied 
apples and })eaches, pickled cabbage and onions, and lime-juice, should, 
therefore, form a formal part of the ration, and be tx'ansported and issued 
with the same regularity as is customary in the case of hard bread and 
bacon, coffee and sugar. The one series are as needful to the health and- 
efficiency of the command as the otlier, and the fact should be officially 
recognized by their embodiment in the ration. 

Concerning the quality of the food su])ply the same rules govern which 
hold good in civil life. Flour may be musty, hard bread mouldy and 
damp ; and so of the other articles. Diseased meat has to be condemned 
to prevent the gastro-intestiiial irritation and general prostration which 
nuiy follow its use. 

The fresh meat of camp is usually poor in quality, tough, and with a 
lai-ge proportion of bone, from insufficient feeding and hard driving of the 
subsistence herd. \Yhen men have been on salt rations for some time the 
return to a fresli-meat issue is often associated w'ith diarrhoea. This has 
been attributed to the quality of the meat, but old soldiers recognize it as 
the result of over-appetite for the fresh ration, and avoid the disease by 
moderation. Yet it is questionable if overfeeding will explain all the 
cases. It is to be noted tliat tainted meat is especiajly dangerous in 
camp, where unsuspected scurvy may predispose to diarrhoeal and dysen- 
teric troubles. 

Hard bread, when insufficiently masticated, is liable to induce intes- 
tinal disorder. A favorite disli during field service is composed of the 
bread slightly softened by dipping in water, and then fried in pork-fat. 
There are few army medical officers whose experience does not embrace 
ministrations to the colicky sufferings of young soldiers who have satis- 
fied the camp appetite on this dish. 

Troops soon get tired of the hard-bread ration, and the relish with 
which a return to fresh bread is received has been thought to indicate that 
it better satisfies the wants of the system. The case is complicated, how- 
ever. Hard bread coincides with privations, danger, and hard work, 
vvliile soft -bread issues mean rest in camp, fresh meat, and possible extras, 
refits of clothing, letters from home, and many other desirable objects. 
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The argument against the liard bread cannot be viewed as satisfactorily 
•established. 

But certain it is that it requires greater digestive effort to effect its 
reduction. The vacuolation of fermented bread facilitates its assimilation, 
and for this reason alone it should be issued on all opportunities. The 
Subsistence Department ought to include portable ovens in its field outfit, 
and trained employees to make use of them. 

Efforts have been made in various armies to introduce a water-free 
food in the form of meat-biscuits, sausages, etc., as more convenient for 
field service than the items of the ration. This the writer conceives to 
be a step in the wrong direction. A knowledge of the necessity for a 
full and varied diet, varied in manner of presentation as well as in mate- 
rial, condemns all suggestions which do not tend to increase the variation. 
A personal experience of six days on dried beef (charqui), pinole and 
sugar, confirms this reasoning. The pinole is a mixture of wheat and 
corn, roasted and coarsely ground. It was eaten as a brose, or thick 
paste, with sugar and water. After their experience of this concentrated 
diet, the pork and hard-bread ration was hailed by the men as a return to 
civilization and good times. 

On the other hand, attempts at the conservation of food-elements for 
itemized supply are to be encouraged. Pickling, canning, with various de- 
grees of concenti'ation, even desiccation, are valuable methods of preserva- 
tion Desiccated vegetables have not been fairly tried. They are currently 
reported as less valuable than the fresh article. How much of this deteri- 
oration is due to the drying process, and how much to kitchen manipulation, 
are unsettled questions. Company cooks, unless specially instructed, can 
dissolve out antiscorbutic virtues and throw them away as wash-water. 

Alcoholic liquors form no part of the soldier's ration. That there are 
occasions on which they might be of use in an active campaign is un- 
doubted, either as makeshifts for a deficient ration, or to gain a point by 
temporary stimulus at the risk of subsequent depression; but, imder ordi- 
nary circumstances, in camp as in civil life, they are best relegated to the 
prescription of the physician, and surgeon. Camp hygiene requires their 
absolute banishment from the lines. The medical and court-martial records 
of the week after pay-day, in all camps where whiskey can be procured, 
furnish data sufficient for insistance on their exclusion as the cause of 
much disease and many injuries and accidental deaths. 

Since a certain degree of sameness necessarily attaches to the most 
liberal governmental issue of food, any method of preparation which en- 
larges the scope of its nutritive qualities is valuable. Experience shows 
that variety in cooking answers many of the purposes of variety of diet. 
Whether this is dependent on changes in the albuminoids, by differences 
in heat, or results from physiological stimulation of the digestive secre- 
tions, is of small consequence in this argument. But the necessity for a 
good cook in the company kitchen is obvious. 

Some military officers hold that trained cooks should prepare the ra- 
tion, and that the soldier should only be called upon to dispose of it. But, 
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as in field service every man may be thrown on his own resources for the 
preparation of his food, a familiarity with some of the simpler methods of 
practical cookery is desirable. Our Army Regulations take it f or g-ranted 
that every soldier is a competent cook, and provide for the cooking of 
the ration by rotation — each man serving in the kitchen for ten days. 
Practically, this regulation is a dead letter. Company commanders as- 
sign the man best fitted for the position to permanent duty as cook, and 
send the others in rotation, for ten days each, as assistants. By this 
plan the men have the best skill which the command affords in preparing 
their food and in economizing for company fund, while at the same time 
a familiarity with kitchen processes is disseminated. That this is the best 
method is proved by its universality in our service, in spite of regulations 
to the contrary. It frequently occurs, however, that the best skill afforded 
by the command is by no means such as to fit its possessor for so respon- 
sible a position. To provide for which a training-scbocl should be estab- 
lished in connection with the principal recruiting depot, where men who 
have a liking for the work could qualify as cooks, and carry a competent 
kitchen knowledge into the army. Not that these men should have the 
special position of cook guaranteed them, as this might interfere with 
their thorough subjection to company discipline. It would suffice that 
extra pay be given them for their sei'vices while they held the position by 
ability and good conduct. The course at the training-school should have 
special reference to the ration and the various modes in which it may be 
presented with the limited facilities of the camp-kitchen. 

When the stay in camp permits it, a mess-hall in connection with the 
kitchen is advisable, to prevent contamination of the tents or huts with 
the debris of meals. Table furniture and kitchen utensils should be issued 
by the Supply Department, instead of being, as at present, an allowable 
drain on the company fund. The ration is the daily allowance of food, 
and the expenditure of any part of it for property purchases is a misap- 
plication. Many company officers have a pride in the appointments of 
their mess-rooms, and the company fund is taxed to sustain it. Not that 
their men fare worse on this account than those who sit at a plainer table. 
On the contrar}', companies which are well provided in this respect are 
usually well eared for in others; for it is rare that an interest in the ap- 
pearance of tlie dining-hall fails to extend to the soldier's advantage over 
all the kitchen economy. 

In the matter of food-supply, as in everything else in camp, much may 
be done by interested and intelligent officers to promote the comfort of 
their men. Regulations require a daily inspection on their part, but the 
letter of the law in this instance may readily be complied with and its 
spirit disregarded. Constant watch over the wastefulness of the more or 
less untutored cook is required, foresight in providing needful supplies, 
and care in the establishment of varied bills of fare to nullify the tenden- 
cies of the kitchen to fall into routinism. Inspection of the cooking ar- 
rangements by sanitary officers have little value where the company com- 
mander fails to exercise this supervision over the food-supply. 
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SECTION YIL 

ON CAMP DISEASES. 

Scurvy merits special notice under the heading of this section, not 
alone on account of its importance as a camp disease, influencing even the 
healing of wounds in war-times, but to invite attention to the possibility 
of its unsuspected existence. 

While the infrequent operation of its cause in civil life renders it un- 
familiar to the body of the profession, the age in which we live, the very 
knowledge we possess of the means for its prevention, give a false security 
from which the inexperienced medical officer may only be aroused by un- 
mistakable developments in individual cases. The insidious character of 
the disease favors the possibility of an unnoted invasion. Its pains in our 
camps have been treated as rheumatic, its prostration as malarial debility, 
and even its manifestations in the gums as a local affection induced by 
irritant chewing-tobacco, accunuilations of tartar, carious stumps, and 
other unhealthy conditions. 

But, instead of being an attendant solely on the unhygienic conditions 
of past centuries, long voyages, famine diets, or special cases of privation, 
it is shown by daily experience to pervade our so-called well-supplied 
camps; not in the aggravated form with which the continued operation 
of its cause characterized it in former times, yet of sufficient energy to 
markedly increase the virulence of other morbific agencies, and even to 
<lisable j^cr sr. 

It was present in our armies during the late war, and its recognition 
was a surprise and shock to professional ideas preconceived from practice 
in civil life. It can be seen in our present Indian expeditions, and at 
many of our western posts, while at others, although it may not figure on 
the records, its presence is clearly appreciated by medical officers as a 
devitalizing influence. 

Probably a closer investigation into the nature of many obscure com- 
plaints in civil life, witli special reference to a possible scorbutic taint, 
would be of benefit to the patient in not a few instances. The writer, in 
practice among civilians in the neighborhood of military settlements — 
permanent eastern posts — has frequently recognized the mal-nutrition of 
scurvy as the basis of localized complaints. 

As usually observed it is characterized by increasing debility with 
muscular pains in the loins or legs, or in the arms after their exercise. 
The skin is dry, cool, and rough, complexion muddy or livid, expression 
despondent, and gait sluggish. The tongue is flabby, and the gums sUghtlv 
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tumid aiul prone to bleed under suction movement. Generally on exam- 
ination a few petechial spots may be discovered on the legs; the patient 
complains of rheumatic pains; or, he does not know what is the matter 
with him, but feels " played out " — thinks he is going to have chills. He 
may complain of palpitations or of dyspnoea, and be worried in mind about 
his condition. Night-blindness, which is a suggestive symptom, may cause 
him to report. The local manifestation in the gums may rise to promi- 
nence without corresponding gravity in the general symptoms, which have 
then to be elicited from him. Perhaps, even, he may seek a remed}^ for 
small spreading ulcers on the neck, wrists, or other parts irritated by the 
friction of clothing. Diarrhoeas are frequent. 

Ecchymoses follow — and now the disease has assumed a greater gravity 
and lesser frequency as seen in our camps. They vary in size from a small 
bruise-mark on the calf to a blotch extending from the loin downward 
on a largely swollen limb. Ulceration takes place, and danger is aug- 
mented by internal effusions and hemorrhages. 

This diseased condition has been satisfactorily connected with a de- 
ficient dietary. Its prevalence on shipboard, in camps and prisons, where 
the only constant unsanitary factor is the limitation of the food-supply to 
a certain issue, sufficiently proves this. Its cause was therefore sought 
among the articles constituting the ration. Salt meat, as forming the 
staple of such diets, had for long to bear the opprobrium of its production. 
But further observation showed its connection, not so much with the 
salted ration, as with that deprivation of fresh vegetables which is its 
usual accompaniment. This was found to hold as well in individual cases 
as in epidemic visitations. 

The theory built on these observatioiis regards certain of the constitu- 
ents of fresh vegetables as furnishing material essential to the perfect 
nutrition of the tissues, the want of which induces the scorbutic deterio- 
ration. It is generally accepted that this material consists of the potash 
salts of the organic acids. 

The objection to the theory is that it fails to explain all the cases which 
occur in practice or are recorded in history; cases where, with a so-called 
liberal supjjly, the disease has made its appearance when some unhygienic 
element was introduced, such as excessive fatigue, exposure to cold, diar- 
rhoeas from impure water, mouldy bread or tainted meat, overcrowding 
and dampness of quarters, etc.; or cases where, with the same food-supply, 
but with difference in some of the other sanitary requirements, two sec- 
tions of a connnand have fared diiferently as regards exemption from 
scurvy. 

To this the reply is that all circumstances causing waste of tissue, such 
as fatigues and disease drains upon the system, require increased ingestion 
of the special material supplied by the fresh vegetables (potash salts, Gar- 
rod), as well as of the regulatioTi albuminoids and carbohydrates, and 
that the supply which would preserve the balance of health under one, 
might incline to scurvy under another set of circumstances. 

But the principal objection lies in the fact that the disease has been 
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found to exist, to a limited extent it is true, but still to exist witli free 
vegetable supplies. 

Here it must be remembered tliat, as a free supply of food will not 
preserve the tissues at their normal standard in the event of any disorder 
of nutrition, so a free supply of vegetable salts does not exclude the pos- 
sibility of scurvy in occasional cases. Perverted action from unknown, 
because unstudied, causes modifying digestion and assimilation, may 
render the supply valueless. As Immermann remarks:' " It is sufficient 
simply to mention the facts that the distance which the alimentary sub- 
stance containing potassa has to travel in passing from the mouth to the 
tissue-elements is considerable, that it is readily turned aside from the 
direct course, and finally, that even when it has safely arrived at the cells 
it is not always necessarily absorbed into them." 

Of the existence of such exceptional internal causes the writer is con- 
vinced by the recollection of the anxiety which his first case brought him. 
He, in 1860, made a trip on the whale-ship " Intrepid," of Peterhead, Scot- 
land, the crew numbering eighty men. When about four weeks out one 
of the officers became affected with scurvy, but the inexperience of the 
surgeon failed to recognize the disease until ten days later, when large 
ecchymoses on the legs made it manifest. The condition of the men, who 
were, of course, subject to a more limited dietary, was examined with in- 
terest, but they were all in vigorous health. The patient was mentally 
much depressed on account of private financial matters, which a success- 
ful voyage was required to set to rights. A day or two afterward the 
" Intrepid " struck the sealing-grounds, and for five days her crew were over 
the ice among the young seals, snatching only an hour or two of repose 
at long intervals. The scorbutic patient became a new man as soon as 
the sealing flag was hoisted. He accompanied his command, worked as 
hard as any, and had just time to notice that his gums were consolidating 
and his spots fading, although no special change had been made in his 
diet ; nor during the remainder of the eight months' voyage had he any 
return of the symptoms, while, in several instances among the men, the 
advance of the disease could be observed. 

That mental depression may cause scurvy, by interference with the 
digestive processes, or perversion of nutrition, seems manifest by a con- 
sideration of the above case. This possibility must be borne in mind in 
permanent camps, where ennui, homesickness, and home troubles and anxi- 
eties are prone to unite with deficient supplies in inducing disease, and due 
efforts should be made to have healthful occupations and amusements as 
a sanitary measure. (See page 117 et seq.) 

The influence of a change in the mental tone as strongly curative, not 
in the individual case as above, but in a command where the disease 
had a clearly defined origin in deficient supplies, is illustrated by the case 
of the California troops, who built Camp McDowell, Arizona, in 1865-'66. 
In the spring of the latter year the writer was ordered to proceed to that 
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camp, then without medical attendance, which was sorely required. There 
were present four small companies, with forty men on sick report from 
scurvy, ten of whom were in hospital, the others in quarters. One man 
had died, two were severe cases with extensive ecchymoses, swelling, and 
ulceration; three or four more were largely mottled — all sufficiently seri- 
ous to appall in the absence of vegetables. 

The advent of a medical officer, without needful supplies, was no great 
matter for rejoicing; yet, as his presence was a proof that they had not 
been forgotten by the authorities, and as he brought news, and was an 
earnest of the arrival of the regular troops who were to relieve them, the 
tenor of their thoughts changed to hopefulness and home anticipations. 
Little could be done. The camp was absolutely destitute of supplies. 
All the native ])lants within reach which could be of use were gathered ; 
but these, with a small supply of wine and bicarbonate of potassa, could 
not surely have brought about the steady and rapid improvement, had 
change in the morale not been coincident, else would scurvy have always 
been found the most tractable of diseases. 

Whatever views may be held regarding the origin of scurvy in particu- 
lar instances, it is certain tliat the mass of the cases of this disease depends 
on the want of a tissue-element supplied by the organic salts. When the 
disease appears in camp it may be accepted as evidence of the insufficiency 
of the ration. Were the energy and liberality which governments exhibit 
in combating scurvy after it threatens the ruin of an army to be distri- 
buted in a full and regular supply in the first instance, there would seldom 
be occasion for such spasmodic efforts. Scurvy would be banished from 
the list of camp diseases, or, failing this, opportunity would be given for 
accurately determining the influence of other possible causes. 

Malarial and Aquamalarlal Feiiers. 

In Section Second, malaria has been considered as connected with the 
decomposition going on in the vegetable matter of the soil, and all has 
been said concerning its genesis which is warranted by the facts when ex- 
amined without aid from the etiological study of other diseases. We have 
an exhalation from the soil which, when absorbed into the system, sets in 
motion a series of phenomena, unique in what is called its periodicity. No 
doubt exists that intermittents and remittents, and certain adynamic and 
pernicious fevers with more or less tendency to remission, are results of 
the same miasm which we call malaria. 

What the nature of the exhalation may be is unknown. Carbonic 
acid, carburetted and sulphuretted hydrogen gases, are found in the 
dangerous air, as also varied forms of microscopic life. Salisbury has en- 
deavored to identify the disease-germ with certain species of palmellas.' 
That the poison is a solid seems indicated by the immunity conferred by 
filtering the air through a respirator, handkerchief, or fine-meshed mos- 
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quito-netting, the particles appearing to be entangled on the lUter. It is 
probable that the essential is a vegetable genu. Experiment throws no 
suspicion of malarial consequences on the inorganic gases, while, on the 
other hand, modern research has referred such troubles as autumnal 
catarrh and rhus-poisoning to air-borne spores, and cholera and "typhoid 
fever to specific germs. 

The prevalence of the gaseous or aeriform theory — the very name mala- 
ria stamping a gaseous form on first impressions — has tended to remove it 
in our nosology from its allied species, and with its periodicity of phen- 
omena and non-contagiousness to elevate it into a separate genus, while 
all that has seemed inexplicable in its manifestations on the system has 
been thrown for cause upon the obscure domain of neurotic pathology. 

When examined, however, in the light of our present belief, concerning 
the origin of miasmatic-contagious diseases in germs evolved originally 
how we know not, but probably from some less harmful progenitors by 
conditions favorable to their development — which germs are connected 
with decomposition when out of the body and with specific disease when 
in it — malaria ranges itself with these diseases, having dysentery as its 
connecting link to the more distinctly contagious members of the series. 

The return of organic matter to simpler forms is accompanied by the 
development of such germs as find in it an appropriate nidus. This is 
seen in every fly-blown carcass; but the microscope shows in each morsel 
of decomposition a world of life, the study of which may be said only 
to have commenced. That certain germs exist and multiply in the de- 
composing vegetation of the soil, being connected with its decomposi- 
tion and finding favorable conditions for their development therein, may 
be accepted as proved ; and that when these find their way into the 
human system and there meet with vegetable tissues susceptible of the 
stage of decomposition which is native to them, they increase and multi- 
ply, developing according to circumstances the various grades of malarial 
disease, is consistent with the etiological reasoning of the present day. 
The malarial germ requires recognition as a source of specific disease as 
much as does the cholera or typhoid germ. 

On a previous page (91) it has been advanced as a convenient hypoth- 
esis that malaria is an ultimate product of soil-formentation, ready to take 
its place in the elaboration of superior vegetable life. In the language 
of current ideas, malaria is absorbed by the leaves. That the organic 
germ becomes attached or adherent to them may be accepted as consistent 
with its separation from the air by filtration or its fall with the snow; 
but what its further history may be remains for vegetable physiology to 
determine. These lower organisms may accumulate on the foliage, to be 
swept away by the first strong wind, or they may contribute to the per- 
fection of the higher life with which they are in contact. The permanence 
conferred on germs by their vitality and the absence of malarial attributes 
to cut-branches or living vegetation during the day, would suggest that 
the malarial germs may have a history essentially connected with the 
living processes of the leaf. 
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In the human system the primary settlement of the germ is probably 
the digestive tract. In the allied diseases — dysentery, typhoid, cholera, 
and yellow fever — there appears little doubt that here the germs effect a 
lodgement, as local lesions attest the fact, and contagion is propagated 
by the excreta. Furthermore, it is only in the alimentary canal that the 
malarial germs can find that fermentable vegetable matter which is neces- 
sary to their development. And as this supply of vegetable matter, sus- 
ceptible of a certain decomposition, is not continuous in the system, but 
intermittent, we have a hint as to the origin of one of the singularities of 
malarial disease. Having once effected a lodgement, the germs develop 
rapidly or lie dormant, according as their surroundings afford or deny 
them the conditions needful to their growth, giving rise to systemic dis- 
turbance in the one case — by which elimination is effected of themselves 
or some vicious product connected with them, as alcohol in saccharine 
matter with the yeast-plant — and in the other instance accounting for in- 
termissions. The periodic returns, varying in each case with the condi- 
tions of the individual, continue until a cure has been effected by the 
^intiseptic or germicidal action of quinine or other remedy, or until the sys- 
tem has adapted itself to the new condition. In the latter event there is 
no active manifestation of the disease until the equilibrium has been dis- 
turbed by some other influence, when the malarial complication becomes 
prominent, if only to give periodic exacerbation to the effects of the dis- 
turbing power. 

An article on the hygiene of camps is not the proper field for follow- 
ing up the discussion of this question. Reference has been made to the 
germ theory of malaria solely on account of its bearing on the propaga- 
tion of the disease by means of water. But, as the non-contagious char- 
acter of malarial maladies has been instanced as constituting a generic 
difference between them and the contagious miasms of cholera and ty- 
plioid, a word may be said in explanation. Malarial disease is called 
purely miasmatic, as always originating in causes generated outside of 
the system, and never propagated by germs of internal development. But 
we have here no objection to the application of the germ theory. Con- 
tagion is a question of degree simply, the degree depending on the vital 
activity of the germ. This activity is greatest in yellow fever and 
cholera, least in dysentery and malaria. Yet, even in the last, cases are 
recorded of contagion from individuals. These have to be carefully 
scrutinized to exclude possibility of infection in the ordinary way, by air, 
and especially by water. But as they are presented by observers biassed, 
as we all are, in favor of non-contagion, they deserve a fair place on the 
record as among the anomalies which the correct theory of malaria will 
of necessity explain. 

In the section on the water-supply, the writer has indicated the proba- 
bilitv of the introduction of malaria into the system by its means. Mal- 
aria is undoubtedly the cause of mountain fever, and equally certain is it 
that this malaria accompanies the vegetable matters washed down from the 
atmosphere by the rain and snowfall. ^Ve have no hesitation in acknowl- 
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edg'iiig the presence of the poison in air when exposure is followed by 
specific disease. We would have as little, but for our preconceived notions, 
in acknowledging its presence in water when specific disease follows its 
ingestion. But it is difficult to allow the presence of an auriform or 
gaseous poison in the falling snow-flakes. A permanence of the poison 
would be implied under certain conditions of the atmosphere, notably the 
presence of oxygen, moisture, and electric agency, which is wholly at vari- 
ance with our experience of organic exhalations. In organic matter of 
such minute division, exposed to such vicissitudes and powerful destroy- 
ers, there must be the resistance of a vital force to account for the viability 
or permanence which this poison undoubtedly possesses. It must exist as 
a living germ. 

Thus, the theory of a contagiiun vioicm, while explaining the presence 
of malaria of full potency in water-supplies derived directly from aerial 
precipitation, is itself sustained by the fact of that presence. 

The camp-fevers of this country are malarial, the germ being either 
air-borne {vuilarial) or water-carried {aqimmalarial). In tlie former case 
we have intermittents and remittents, the grades of intensity varying with 
the amount of exposui'e, or, otherwise to express it, with the rapidity of 
the germ-colonization and with the internal condition of the individual. 
In the latter the disease is perhaps invariably remittent, frequently of an 
adynamic type, approaching a fatal issue by great prostration, emacia- 
tion, dysenteric attacks, muttering delirium, and coma-vigil. 

These aquamalarial fevers are best studied in the mountain regions- 
and non-malarious mesas, prairies, and table-lands of the West, where 
they are uncomplicated by malarial air-borne fever. On the records they 
appear as malarial remittents, but the obscurity heretofore enveloping 
their origin, together with their manifest adynamic tendencies, has led to 
the assumption, in many dangerous cases, of a possible typhoid germ, 
and the disease has been recorded ambiguously as typho-malarial, or 
definitely as typhoid fevex-. It will readily be conceived that a strong 
t'ffort is required on the part of the physician in attendance to record a 
death as from malarial remittent in a non-malarious country, while the 
adynamic symptoms insinuate the possible presence of specific typhoid. 

Descending from the higher grounds to lower levels, or lower lati- 
tudes, malarial and aquamalarial germs combine to sum the total of our 
camp-fevers. The aquamalarial breed have not been distinguished from 
the other in these localities. They are swamped, as it were, in the gen- 
eral flood of malaria which inundates the land and prostrates the residents* 
but that they exist is not to be doubted, for it cannot be supposed that 
exposure to atmospheric germs carries immunity from the evil effects of 
the same organisms when introduced in the water-supply. 

As protective against malarial disease the dry site and dry vicinity 
have been sufficiently insisted on, and if those favorable conditions cannot 
be obtained, a consideration of the known facts concerning the history of 
the malarial germ suggests the methods of limiting it in its role of dis- 
ease-producer. As these have been adverted to in the course of the fore- 
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going- pages, and moreover, as tlioy are of general interest, and not a 
specialty of the camp hygienist, further reference to them is deemed 
needless. 

TiipltobT. 

In more populated districts the specific germ of typhoid may add its 
train of symptoms to the list of camp-fevers. It is a disease wliich has, 
without doubt, invaded our camps in many instances; but that it figured 
during the late war — simple or masked by malarial concomitants — as largely 
as we are called upon to believe by Dr. Woodward,' has been shown by 
the writer to be exceedingly doubtful. 

Concerning its origin, we find a tendency on the part of the systematic 
writers of the day to insist on propagation in all cases from germs grown 
in the human system during an attack of the disease. Animal decompo- 
sition, they hold, is in constant progress in the vicinity of our connnuni- 
ties, but without the specific germ from a previous casci of fever jio focus 
of typhoid infection can be formed. 

But the profession is slow to accept this doctrine, as it runs counter 
to much individual experience in country districts. Moreover, the germ 
theory does not involve such exclusiveness, but points to the possibility 
of a de )iovo origin. In the past, certain microscopic organisms conjiected 
with the fermentation of animal matter uprose from the soil, constituting 
a miasm, and, when transplanted into the human system, finding favora- 
ble conditions for their development therein, gave rise to typhoid fever. 
Having thus originated, the disease is propagated l)y germs grown in the 
infected svstems of a continuous scries of individuals. But the reasonin"- 
which would exclude a recurrence of this origination in the present is not 
clear. What has hap'pened may again occur. Objection to a present 
miasmatic origin would bespeak a parasitic or internal status to the germ 
of the disease, by virtue of transmission through numbei-less individuals of 
the human race, during which it evolved its present powers for evil. But 
there is no ground for such a supposition. On the contrary, the origin of 
dysentery in soil miasma, and its subsequent propagation by germs of in- 
ternal growth, strengthens the opposite view. 

Under the circumstances the suspicion of de novo cases of typlioid 
should lead the sanitarian to accept the possibility of such an origin, the 
better to guard against its occurrence in his camps. 

In the event of its invasion, removal of the cases as they occur is 
retjuired, and thorough disinfection of the sinks; while, if the disease 
threatens to become endemic, change of location is indicated. 
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Diarrhoea. 

Diarrhoea is usually the most frequent entry on the medical registers 
of camp, inasmuch as all unsanitary conditions of camp-life are prone to 
determine its occurrence. 

When it occurs we recognize an effort of nature to eliminate some 
morbific matter from the system. The deleterious substance may be a 
local irritant in the alimentary canal, in which case the disease is trivial, 
unless the operation of the cause be sufficiently powerful or prolonged to 
induce inflammatory action. The origo mail may be a miasma, such as 
the malarial — some organic poison introduced from without, or accumu- 
lated within by suppressed function of other emunctories, and in these 
cases also the presence of enteritis gives greater seriousness to the disease. 
Lastly the pathological or depraved condition of the blood in certain 
cachectic states may be regarded as furnishing morbid material, to elimi- 
nate which the system makes continuous but futile efforts, until enteric 
changes take place and the strength fails, as in the graver cases of chronic 
diarrhoea. 

A reference to the causes which mostly prevail in camps is all that is 
needful to indicate the sanitary measures for the suppression of diarrhoea! 
proclivities. As in civil life, improper food and improperly cooked food 
furnish most of the causes of local irritation. Insufficiently masticated 
food might be mentioned, but the cases to which it gives rise are sporadic; 
yet even here the hard bread and beans of the camp ration tend to enlarge 
its field of operation. 

The improper foods include all articles which have suffered damage 
from imperfect preservation, and meat which while on the hoof has been 
over-driven, badly fed, or affected with disease, or which has been kept too 
long in the slaughter-house after killing, or in the haversack after issue or 
cooking. To these must be added an ignorant indulgence in many arti- 
cles in themselves either proper or improper, into which troops are im- 
pelled, when opportunity offers, by the sameness of their diet under ordi- 
nary circumstances. 

Water furnishes the diarrhoeal cause in many instances, either from 
purgative or irritant inorganic salts, or from animal or vegetable contami- 
nation. 

Air carries the malarial germ into the system as a prolific source of 
camp diarrhoeas; or the originating miasm may come from unpoliced sinks 
or unburied carcasses. Tlie last is rarely seen as a cause except in battle- 
camps. The writer had occasion to appreciate the influence of the putres- 
cent odor on the Chancellorsville battle-ground, where he was for ten days 
on duty, under flag of truce, with the wounded prisoners of the Second 
Army Corps. The sultry air was rank with the pestilent effluvium from 
the slain horses of a battery which had been engaged near the site of the 
extemporized hospital, and scarcely a man was free from diarrhoea. It is 
true other causes were at work — causes connected with food and exposure 
and the presence of suppurating and gangrenous wounds ; but among 
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other aggregations of wounded on the same field, exposed to similar in- 
fluences, less the air-taint from the dead animals, the diarrhoea was less 
general. 

But the morbid matter requiring elimination may be self-generated bv 
the command in crowded or unventilated tents or huts. 

Again, it may be self-generated within the individual and thrown for 
excretion on the alimentary lining on account of suppressed s^in-trans- 
piration; hence, any influence which interferes with the normal action of 
the skin may be a source of camp diarrhoea. It is not supposed that 
fatigue is of itself a cause; but that it predisposes is undoubted, partly by 
lessening the resisting powers of the system and in part by the increased 
waste which has to be thrown off. The functional activity of the skin is 
liable to check by rapid cooling after cessation of the exercise, as when 
the men throw themselves on the ground to rest, and the waste products 
are carried to the mucous membrane for discharge, constituting a conges- 
tive diarrhoea. The same may happen from climatic influences, as sudden 
lowering of temperature; and in the category of causes, as failing to pro- 
tect against this source of the disease, insufficiency of clothing and tent- 
covering must be enumerated. 

Lastly, the influence of the scorbutic taint has to be remembered as in 
itself exciting, or if not, so strongly predisposing that local irritants which 
would be unfelt in healthier conditions give rise to dangerous and often 
fatal diarrhoeas. 

Dysentery. 

While diarrhoea owns a multiplicity of causes, the tendenc}^ of medical 
observation is to confine dysentery to the operation of one — a miasmatic 
germ connected with animal or vegetable decomposition in the soil. The 
prevalence of the disease in malarious districts points to an analogous 
origin in endemic miasm, and its frequent attendance on malarial remit- 
tents resulting not only from aerial poison but from water-impregnation, 
indicates similarity of habit. 

The specific germ settles in the lower bowel, where matter favorable to 
its development is accumulated, and by its presence determines conges- 
tive and inflammatory changes in the walls. 

But, as local irritants may induce a similar disturbance of function and 
nutrition in the intestine, the occurrence of sporadic cases need not imply 
the presence of a specific germ. They may be owing, by a transference 
in the locality of action, to the varied agencies which conduce to diarrhoea, 
and it is probable that sanitary measures preventive of the latter will ex- 
clude the former disease. Sporadic cases, however, barely come within 
the scope of the present writing. The disease, when it merits the title of 
camp dysentery, is epidemic. 

Many examples of dysentery apparently from miasmatic influences are 
given by medical authorities; but the writer does not require to go outside 
of his own army experience for an illustrative outbreak — one which ex- 
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eludes mail}' of the alleged causes of dysentery, and which points definitely 
to a soil-poison. In 1866 the commanding officer of Camp McDowell, 
Arizona Territory, was directed to cultivate a piece of bottom-land, about 
one hundred and fifty acres, in the neighborhood of camp. A vegetable 
supply for the men and forage for the horses were to be raised. This was 
intended as a sanitary precaution against scurvy, which had existed among 
the recently relieved California troops. (See page 144.) The ground 
required much preparation — removal of brushwood, extraction of stumps 
and roots, and breaking up of sods — before it was rendered fit for cultiva- 
tion, and a deep ditch four miles long had to be dug to bring down water 
for its irrigation. All this work was performed by details from the men 
of the three companies constituting the garrison. During its progress 
dysentery broke out, and 6 deaths in 20 cases, with 56 cases of contempora- 
neous diarrhoea,' cast a gloom over the little community, making many 
anxious for personal safety. It was observed that only those suffered who 
had been employed on the newly-broken ground. The farm was turned 
over to Mexican employees of the Quartermaster's Department, and the 
dysentery subsided. No such epidemic had occurred at the post previous 
to the inauguration of this agricultural work, although the garrison had 
been subject to much hard service, implying fatigue, exposure to climate, 
and deprivation of food. Even scurvy had been present to a marked ex- 
tent in the former volunteer garrison, without dysenteric outbreak. And 
the sinks, quarters, and general police of the camp, when the visitation 
took place, Avere in as satisfactory condition as at any time in their previous 
history. Nor has such an epidemic occurred at the post since that time. 

Allowing the miasmatic origin of camp dysentery, the inadvisability of 
disturbing the soil, especially in malarious localities, is strongly suggested. 
Natives of the country should be employed where such work is impera- 
tive, and the troops be guarded against exposure. Even the site of quar- 
ters must be carefully treated in view of dysenteric possibilities, (See 
page 109.) 

In active service no sanitary precaution can guard, in every instance, 
against this disease. Field-works have to be thrown up and bomb-proofs 
to be dug out and occupied. Military necessity calls here for exposure to 
disease as it frequently calls for exposure to gunshot wounds. Both have 
to be accepted as war-risks; or the risk of the one may be viewed as the 
price paid for protection against the certaint}^ of the other. 

As with malarial disease, so with dysentery: its spread is seldom re- 
ferred to germs grown within the system and throwji out with the ali- 
mentary excreta. But there aio enough of cases on record to show the 
probability of such a mode of propagation. To establish the fact requires 
careful observation, as it can only occur where the disease is very preva- 
lent, and here it is manifestly difficult to separate the effects of the 
primary from those of the humanized miasm. 



' The writer, having lost his note-book containing the particulars of the outbreak, 
is indebted to Dr. J. J. Woodward, U.S.A., tor the figures from the official records. 
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But with dysentery c-pidemic, or threatening^ to become so, it will he 
allowed that all congestions of the intestinal mucous membrane assume a 
graver significance. They may not predispose to the specific attack, but, 
should it occur, they must certainly add to its virulence. Their causes 
must therefore be carefully excluded; and since foul odors, as has been 
seen in speaking of diarrhoea, may determine to the threatened membrane, 
disinfection of sinks and all discharges is suggested as a precautionary 
measure, irrespective of theoretical considerations. In fact, the sinks 
should be filled up and the camp-site abandoned, if contagion by a human- 
ized germ is suspected. 

The ])ossibility of the introducticMi of the germ into the system by tlie 
water-supply must be held in view. This might take place from sink-con- 
tamination, or, as was probably the case in some instances at McDowell, 
from the use of water flowing through a newly-cut acequia. 

Cholei'd and Yelloio J-^eco'. 

Cholera and yellow fever can scarcely be arraigned with propriety 
imder the heading of this section. Their miasms are too widespread in 
their operation for discussion in an article on camp hygiene. Jiut, as 
soldiers are as liable to their attacks as are more settled communities, a 
few words concerning them may not be out of place, especially as the dis- 
<!ipline and mobility which pertain to camps Iiav(^ a l^earing on preventive 
measures. 

In both of these diseases observation and research appear to recognize 
specific gerrtis as the origin and means of propagation — germs which re- 
quire out of the body a high summer temperature for their active pro- 
liferation and dissemination as epidemic disease agencies. 

There seems no room for doubt that these diseases spread from their 
habitat by colonization, the germs being carried by the person of an in- 
fected traveller, or by some material which has come from an infected 
district. Quarantine and disinfection, as preventing the introduction of 
the germs, are thus our best safeguards. 

But the mobility of the army-camp gives it a better pi-otection than 
this, when military reasons do not interfere with the temporary abandon- 
ment of the camp-site. During the past disastrous summer (1878) in our 
Southern States, the federal troops fell back before the advance of the 
disease," and a repetition of the experiences of the 1867 epidemic was 
prevented. The deaths among the nominally acclimated men who were 
left in garrison to guard property showed what fate would have befallen 
the troops had this movement not been executed. 

If, however, such a retreat is incompatible with strategic requirements, 
a line of sentinels should be posted around the camp to cut off all unauthor- 
ized communication. No person should be admitted within the lines with- 

' See Annual Report of the Surg'eon-General U. S. Army for 1878. 
^Cir. No. 1, S.-G.O.. Washington, June 10, 1878 : Report on Epidemic Cholera and 
Yellow Fever in the U. S. Army during 1807. 
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out undergoing- quarantine examination, no baggage or supplies without 
being disinfected or passed by the quarantine officer. 

The water-supply, if it comes from without, or if a suspicion of con- 
tamination from without can be harbored against it, must be boiled before 
being used, even for police purposes; while any pure supply should be 
placed under guard for use as drinking-water. Should it be impossible to 
procure such supply by other means, it ought to be distilled. The writer 
has no confidence in purification by permanganate, for the malarial germ, 
as we have seen, withstands oxidizing influences, and we cannot suppose 
less of vital resistance in the germs of cholera and yellow fever. 

Police regulations should be scrupulously carried out. The troops 
should be protected from all anti -hygienic influences. There should be no 
unnecessary exposure to sun, rain, or night-air, and no drills or fatigue 
duties other than to furnish occupation and needful exercise. When the 
military conditions permit, the camp should be viewed as engaged in an 
active campaign against an insidious and impalpable enemy, and the at- 
tention of every officer devoted to superintending the conduct of his men 
with special reference to this view. 

If, in spite of all precautions, the disease effect a lodgement, no change 
should be made in the quarantine and other regulations. Fresh importa- 
tion of germs is to be as sedulously guarded against as if the camp were 
yet free from infection. Cases should be removed to hospital as soon as 
manifest, disinfectants' used in the sinks, and the bedding and clothing of 
the infected soldiers removed to the quarantine station for disinfection. In 
the hospital all precautions which our knowledge may suggest are of 
course in order against the spread of the disease-germs. 

But if, despite such sanitary measures, the disease shows a tendency 
to epidemic prevalence, the troops should move camp to a new site, leaving 
their sick behind, keeping up their quarantine on the new ground, and 
sending such cases as may occur back to the hospital on the old site. 



SECTION vm 

PROJr CAMP TO CAMP. 

The day's march is set down in the United States Infantry Tactics* as 
from 15 to 20 miles, and by medical writers as from 10 to 20 miles — the 
former distance being considered an easy, the latter a long march. Good 
walkers in civil life may view these distances as trifling when regarded as 

' The writer is aware that their use was considered vahieless in the recent yellow 
fever visitation. Sulphur will kill the itch parasite, but it will not cure a patient 
whose skin, clothes, bedding, and all surroundings are infested, even if applied to every 
point of the integument where pustulation is manifest. 

' General Upton's, approved by the War Department in 1867. 
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a day's work. But the measure of distance does not represent equivalent 
expenditures of force in the case of the civilian pedestrian and in that of 
the soldier as a unit in a moving army. 

In the first place, the load which the soldier carries must be taken into 
consideration. This consists of rifle, bayonet, cartridge-box or belt with 
forty rounds of ammunition, haversack with three days' rations, plate, spoon 
and tin cup, canteen with the day's water-supply, a spare pair of drawers 
and socks, shirt, towel, soap, comb, overcoat, blanket, shelter-tent canvas, 
and perhaps poncho — the whole weighing from forty to forty-five pounds, 
avoirdupois. Various knapsacks have been suggested as a convenience in 
carrying the spare clothing, blanket, etc., but as they compress the chest 
or excoriate the arm-pits, their use has been generally abandoned by our 
troops, who sling their impedimenta from each shoulder to the opposite, 
hip, the canteen and cartridge-box offsetting the haversack, and the roll of 
blankets on one shoulder balancing the rifle on the other. 

Again, the soldier's miles are either miles of dust or mud, for the soil 
which does not throw up dust under the tread of an army is usually so 
damp as to break down under the leading regiments and form a quagmire 
for the others to labor through. The fatigue and discomfort of a marclv 
under either of these conditions must be experienced to be duly appreci- 
ated. 

Further, the soldier has a fixed position in the moving ranks which he 
cannot alter, even by an accidental stumble, without incommoding those 
of the command in his rear and being incommoded by them. So, also, 
the regiment of which he forms a part has a fixed position with regard to 
others. Any delay in the advance, by obstacles on the road, is trans- 
mitted along the column, and, the obstacle having been overcome, rear 
regiments must accelerate their pace to recover their lost distance, or 
leading regiments move slowly or halt to allow the others to come up. 
During such delays the soldier cannot rest, as he would disarrange his 
pack, and the column might move forward at any moment. Thus, the 
time spent in waiting, leaning on the musket, and wondering what is the 
matter ahead, is as much, perhaps more, of a drain on his energies as the 
same time spent in an advance, every step of which is believed to bring 
him nearer camp. In fact, the march must be measured not by miles, but 
by the number of hours from the breaking-up of camp in one position to 
its establishment in the other. 

Lastly, the march of the soldier does not constitute his day's work, 
but is labor over and above the usual routine duties of camp and fatigues 
of war emergencies. 

On marches an early start is usually desirable to afford the men time 
enough on the new ground to make themselves comfortable before night- 
fall; especially is this necessary in rainy weather or inclement seasons. 
Breakfast is taken before starting, lunch at a mid-march halt, and dinner 
in the evening after arrival. 

When no unlooked for obstacles stand in the way of the advance the 
ground passed over may be computed at 2.4 miles per hour. The quick- 
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step has 110 paces per iiiiimte, covering 2A) miles an lioiir; but the 
rests recommended, and usually necessary to bring- the column to its des- 
tination in an efficient state, reduce the average hourly distance as above. 
At the end of the first lialf-liour a rest of fifteen minutes enables the men 
to rearrange their burdens with the experience they have gained during 
the short effort. After this a rest of ten minutes at the end of every 
hour is sufficient to bring the cohunn to camp without stragglers, unless 
the march exceeds ten miles, when one of the rests is lengthened to half 
an hour for luncheon. A march of 18 miles thus requires seven and a 
half hours for its accomplishment. 

Jf the marches exceed 18 miles a rest of one Avhole day will be the 
sooner required on the route. After marchmg 25 or 30 miles in one day, 
a rest is usually needful on the day following. Forced marches are spas- 
modic efforts which gain nothing on a long journey, for the rest which is 
necessary after them reduces the daily .average. 

In the hot season, in our Southern Territories, the inarch is accom- 
plished, if possible, before midday. AVlien the regular troops took posses- 
•sion of the Indian country after the civil war, night marching was occa- 
sionally attempted, but was given up in favor of an early morning start. 
Nig-ht marches are only made now in passing long distances from water to 
water. Time is lost rather than gained })y tiiem, as tlie troops must rest 
on the day before, as well as the day after, the effort. The writer accom- 
panied a detachment of the First Cavalry on a scouting expedition, where 
an unobserved entry into the A])ache country was attempted by march- 
ing during the night and lying perdu in hollows and canons during- the 
day. After four or five days the men showed signs of breaking down, and 
the attempt was not renewed. In this case the night march had less to 
do with the result than the wearisomeness of the day and inability to 
sleep in the stifiingly hot atmosphere of the resting-places. 

With favorable weather in non-malarious countries the sick-list on a 
march may be expected to be less than the camp-list of the same com- 
mand. During the first few days, before the troops are inured to the 
journey, some niay become foot-sore and excoriated. To prevent this, 
company officers should, instruct their men on the care of the person, in- 
sisting especially on bathing the feet and changing and washing socks on 
every available opportunity. 

Exposures are necessarily incident to a march; but, as an offset to this, 
the resisting powers of the system are, within limits, increased by their 
exercise. It is often surprising how little injury a marching command 
will receive from most inclement weather. The writer was out in the 
Nez Perec's war in September, 1877, with the Fifth Cavalry, 800 strong, 
and not a man was reported sick, although the command passed three 
successive nights in wet clothes, and was exposed during the expedition 
to all kinds of weather, from the sultriness of the plains to the .snow- 
.storms of the mouiitains. 

Extremes of temperature are dangerous, as giving rise directly to heat- 
exhaustion and sunstroke in the one case, and frost-bite and general de- 
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vitalization in tho other. But, speaking- generally, warm weatlier is pro- 
ductive of greater loss of efficiency than cold. The latter can be guarded 
against by full diet and warm clothing, while the exercise itself is protect- 
ive, and, reciprocally, the cold is preventive of danger from the exercise. 

In warm weather the extra heat developed within the system by tho 
march must be dissii^ated, else a superheating of the blood will interfere 
with its normal tissue relations and manifest itself as sunstroke. Nature 
accomplishes this dissipation by means of the cutaneous and pulmonary 
transpiration, and requires for the perfection of the operation free expan- 
sion for the lungs, light covering for the body surface, and a water-sui)ply 
furnished as required by the progress of the transudation. AVere these 
requirements in all cases fulfilled, sunstroke would be rendered an unfre- 
quent accident of the march, by restricting its occurrence to cases where 
some abnormal blood condition interferes with transudation, or where at- 
mospheric saturation prevents surface evaporation. 

Some medical observers have noted the prevalence of sunstroke in a 
moist and warm air, others in a hot and dry atmosphere. The difference 
is immaterial; in both cases the blood is thrown into an altered condition 
by inadequacy in the refrigerating* process. A tendency to capillary stasis 
is induced, the heart labors to overcome the obstruction, anc failing, gives 
us the syncopic or cardiac variety; or, the nervous system, resenting tho 
increasing abnormity of the circulation, develops convulsions and coma as 
the cerebro-spinal variety of tho disease. 

On the march, the most frequent cause of sunstroke is a failure of tho 
water-supply, aided by the chest-pressure of the various belts and straps 
by which the soldier's load is suspended from his person. This was tho 
case in the summer marches of the Army of the Potomac' If the Avater 
in the canteens lasted until the next opportunity of refilling them, so that 
ingestion and transudation were equalized, the men pushed along, faint 
from fatigue perhaps, but in no danger from sunstroke. If, on the other 
hand, the supply failed and tho skin bocamo dry, danger from sunstroke 
was imminent. 

Whether the symptoms of the attack depend on loss of water from tho 
blood beyond the limit consistent with functional activities, or on the in- 
creased heat consequent on suppression of evaporation, is an open ques- 
tion, but of little interest in this place, as the preventive measure on both 
theories is an insured continuance of the water-supply, and the immediate 
means of restoration in individual cases — water affusions for skin absorp- 
tion and cooling, and water by the mouth as soon as the patient can 
swallow. 

During a service of four years in Arizona, with a climate almost as hot 
as that of India, the writer saw sunstroke on but one occasion. Yet most 
of his service was in the field with commands of from 50 to 500 men, and 
long marches were made, often on scant allowance of water. This expe- 



' Sunstroke as it occurred in the Army of the Potomac: Ch. Smart, U.S.A., Am. 
Jour. Med. Scitmces. April. ISG.l. 
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rience he attributes to a care that the men should always liave some water 
available. In the early part of the march the canteen was to be used as 
if no more could be had until arrival in camp. If, fortunately, a supply 
presented on the line of march, it was used freely, but the canteens, when 
refilled, were again used with the same caution. 

In the one instance where sunstroke disabled the command, this rule 
was not followed. 

On the 3d and 4th of July, 18G7, an escort party of twenty-five men of 
the First U. S. Cavalry passed over the stretch of dry sandy country from 
the Sink of the Hassayampa to the Salinas River, a distance of over forty 
miles. They used up the water in their canteens on the evening of the 3d, 
expecting to find a fresh supply in a river-bed which they would pass 
shortly after midnight. A couple of hours were spent in digging in 
likely spots of the dry channel, but no water was found, and the party 
had to resume its march with empty canteens. Three hours after sunrise 
the men began to suffer. Afterwards, several had to be dismounted and 
placed under the shade of mesquite trees to await the return of six 
men who had been dispatched in advance to the Salinas with the canteens. 
These returned by mid-day. Two of the exhausted men had in the mean- 
time become insensible and convulsed. Two others had wandered from 
the poor shade in which they had been left, and some difficulty was expe- 
rienced in recovering them. Those who remained quietly until the water 
arrived were speedily able to mount their horses and aid in looking for 
their missing comrades. All were brought to camp on the river by 2 p.m., 
twenty-two hours after the commencement of the march. Convulsions 
recurred and delirium continued in the two worst cases for twelve hours 
after reaching the river, but perfect recovery ensued. These men had 
passed the same stretch of country, without injury, in the reverse direc- 
tion, only a couple of weeks before. Failure of the water-supply was un- 
doubtedly the occasion of their break-down on this march. 

The cavalry soldier is not so liable to dangerous attacks as the infantry- 
man. During the march he is less called upon for violent exertion, and 
there is consequently less development of heat. The advance to the sun- 
struck condition is thus more gradual. 

The foot-soldier often struggles along with the perspiration drying on 
his skin, mucus sticking in his respiratory tubes, and increasing stasis in 
the lungs, until he falls syncopic or in convulsions. This can only be pre- 
vented by having the water-supply of the system unfailing, and giving the 
men certain intervals of rest, during which they may relieve themselves of 
the pressure of their loads and re-arrange them as experience may sug- 
gest, while the circulatory excitement and heat-development become 
moderated. If the allowance of water is scanty, it must, nevertheless, be 
used at regular intervals, but economically, lest it give out. There is 
manifestly less danger of a fulminant stroke with a stinted but steady 
.supply than with full allowance for a given time followed by a period of 
enforced abstinence. On the other hand, if the supply is liberal, it may 
be indulged in freely, and with advantage, when the skin is acting well. 
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Its temperature is never such, on a hot day's march, as to cliill tlie 
stomach and shock the system. 

Probably the most noteworthy march recently reported in our western 
service is that of Captain Nolan, Tenth Cavalry, who with forty men, in 
July, 1877, was on the Staked Plains for eighty-six hours without water.' 
The men drank the blood of horses killed on account of exhaustion. Three 
cases of sunstroke are reported by the time the command completed its 
fifty-fifth mile. Altogether the loss was four men, four mules, and twenty- 
five horses. 

The march requires special attention to the condition of the person. 
The infantry soldier should groom himself as carefully, after the toils of 
the day, as the cavalryman his horse. But, after what has been said on 
this subject in Section Fourth (see page 110), further reference is deemed 
unnecessary. 



SECTION IX. 

ox TITE ORGANIZATION OF THE IIOSIMTALR OF CAMP. 

What has been said heretofore in this paper has had reference mainly 
to the exclusion of disease, but that it has a bearing also on the result of 
wounds is obvious when consideration is given to the influence of the 
scorbutic taint, malarial prostration, diarrhoeal tendencies, etc., on the 
healing process. 

But, if we conceive the exclusion of all morbific agencies on account 
of the inefficiency of w'hich they are the direct cause, something remains 
to be said concerning the sanitation of the wounded. 

It requires no reading of the medical history of armies or of surgical 
reports from the battle-field to show that, whatever hygienic measures are 
taken in camp to preserve the health of the troops, the mortality among 
the sick and wounded will in great part depend on the provision made for 
their care. If an epidemic settles on the camp or a battle is fought and 
the medical officers prove insufficient, or inefficient either of themselves or 
by want of co-operation on the part of Supply and Transportation Depart- 
ments, the result to the sufferers is alike disastrous. 

A camp-hospital hygiene thus comes forward for discussion, which, in 
in its largest sense, may be said to consist of: 1st, a sufficient medical 
force; 2d, the endowment of that force with sufficient powers — that is, 
rank and command, to permit it to carry out its views for the ameliora- 
tion of the condition of the disabled; 3d, an efficient organization of the 
force to enable it to work to the best advantage. 

The treatment of the sick and wounded soldier, as a humanitarian 

' See copy of OfBcial Report in Army and Xavy Journal, September 15, 1877. 
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question, has so much interest alike to the profession and th(! public, as to 
bear a review from the dawn of history to the latest advance. Especially 
is the medical officer of the U. S. Army qualified to speak on such a sub- 
ject, as, in our present Indian wars, he can not only appreciate the termini 
by observing aboriginal practices, himself being supplied by a progressive 
administration with all that modern science can suggest, but can also 
realize many of the intermediary stages, as the exigencies of his campaign 
force him to give up more and more of the advantages of civilization, 
until at last he has to treat his sick and wounded under the shade of a 
tree, and copy the travois of the savage enemy for their transportation.' 

But as the object of tliis paper is to show, not what has been, but what 
ought to be, reference will only be made to the results of recent experi- 
ences. 

With regard to the first requirement of field-hospital hygiene, it will 
seldom happen that the sick and wounded will suffer for want of a suffi- 
ciency of medical men. Each detachment on Indian service is provided, 
according to its size, with one or more qualified officers; and in the event 
of a great war, volunteer medical aid would fill the positions rendered 
necessary by the increased number of troops and of field and reserve mili- 
tary hospitals. 

The United States obtained its regimental organization from the 
British military system, and, as a part of it, the appointment to the regi- 
ment of a surgeon and one or two assistants. But, as our troops had to 
be scattered by companies in the sea-coast fortifications, and at innumer- 
able points in the interior as protection to the advance of the settlers, the 
regimental organization soon came to exist only on paper, while the real 
unit for discipline was the company, and for practical military govern- 
ment the post. The j^ost-commander became, as it were, the equivalent 
of the regimental in all matters not pertaining to the records of the offi- 
cially recognized, but practically latent regimental organization. Under 
these circumstances the medical force became detached from the broken- up 
regiments and formed into a corps of post-surgeons, assignable to duty by 
the chief of their corps at this post or with that detachment. This was 
the status of the medical department of our army at the outbreak of the 
civil war. 

But the aggregation of troops which was then necessitated led to the 
resumption of the regiment as the practical unit of organization, and a 
surgeon and assistants were enrolled with every new command. Mean- 
while, such of the former post-surgeons as were not on regimental dutv 
with the now concentrated regular command were assigned to administra- 
tive and executive duties in connection with medical affairs in the field or 
with the general hospitals established throughout the country. These 
were subsequently strengthened by the formation of a staff corps of vol- 
unteer surgeons, many of whom had already seen service with regiments. 



' Circular No. 0, Surgeon-General's Office, 1877 : On the Transport of Sick and 
Wounded, by Geo. A. Otis, Asst. Surgeon, U.S.A. 
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There were thus in the army two sets of medical officei's: the one, nu- 
merically small, occupying staff positions, and having, from their enlarged 
sphere of duty and previous military experience, tendencies to centraliza- 
tion of management and co-operative execution; and the other, the large 
force of regimental surgeons, whose tendencies were to individual respon- 
sibility, each as the head of his own hospital department. 

The commissions of the latter identifying the individual with a given 
regiment, among the personnel of which he had probably a large ante 
helium acquaintance, and above all the regulation recognition of regi- 
mental and of none other except general hospitals, were the causes which 
prevented a more rapid development of the consolidated hospital system. 

The Regulations established a regimental hospital and made provision 
for its tents, transportation, and supplies. Its tents were pitched on the 
left and rear of the regimental camping-ground. Where the regiment 
constitutes an independent command, this hospital arrangement is as per- 
fect as it can be made. The surgeon is medical director and sanitary 
inspector by virtue of his position on the stalf of the commander; he is 
also regimental surgeon of the one regiment in the command; is surgeon 
in charge of his hospital, and assigns his assistants — one to the care of the 
records, and the other, to that of the bedside economy. On a march the 
hospital-wagons are necessarily in the neighborhood of the troops, and 
on hand should an engagement occur. 

But when the regiment is one of a hundred such within the linos of 
the same camp, the regimental system of hospital organization calls for an 
unnecessary multiplicity of institutions. This involves reduplication of 
material, entailing expense and absorbing transportation, both of which 
would be better applied to other purposes. It gives the hospitals com- 
pulsory sites, each having to accept the ground covered by the regimental 
battle-front. It destroys the value of the hospital fund of the army by 
splitting it up into many independent and petty sums, so that cases in 
one hospital may have to depend for delicacies on private purchases or on 
contributions from the table of medical or company officers, while a neigh- 
boi'ing institution may have funds on hand witliout necessity for their 
employment. Lastly, instead of conferring on the sick or wounded man 
the benefit of the best professional advice which the camp affords, it con- 
fines him for treatment within the lines of his regiment. 

Notwitlistanding these disadvantages, a predilection for this system 
was for a long time shown in every standing camp. This was chiefly owing 
to the status and occupation it afforded the regimental medical staff. But 
it had part origin in the desire of commanding officers to preserve the 
strength of their commands by retaining their sick until recovery took 
place — a man sent to general hospital being regarded as lost indefinitely. 
In part also the esteem of the small hospital depended on the desire of the 
sick man, if he could not be sent to his home, to remain with his comrades 
rather than go among strangers for treatment. 

But when a larger experience demonstrated to medical officers the ad- 
vantages of a hio-her organization — when regimental commanders appre- 

VOL.'lI.— 11 
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ciated that the consolidated field-hospitals returned the sick on recovery 
as readily as their local institutions — and when the men realized that they 
were as much at home within the lines of their brigade or division as when 
in regimental camp — the small hospitals came to be regarded as unneces- 
sary, and were ultimately disused. 

But it was on active service that the inadequacy of the regimental 
hospital system was first manifested. Men falling sick on a march were 
picked up by the ambulances/ transported to camp, and unloaded on the 
ground which would become the site of the regimental hospital as soon as 
the baggage-wagons arrived. The light ambulances, following in the im- 
mediate rear of tlie marching division, usually delivered their sick and 
moved off to their own camping-ground long before the supply -train came 
up. The patients were thus for a certain interval left without shelter. 
Seriously sick men were provided for by tlie hospital attendants or the 
care of their comrades, on some occasions hours before the hospital could 
be opened for their reception. During the march the sick were in reality 
aggregated into a division ambulant hospital, with a surgeon in charge, 
and assistants on special detail to receive the patients provided with 
jDasses from the regimental officers, and to treat such as required immedi- 
ate attention. But the fact was not recognized, the ambulances being 
regarded only as means of conveying the sick from the regimental hospital 
in one camp to the same institution in another. This ambulant hospital 
was therefore carefully broken up every evening by the distribution of its 
patients among the various camps; and next morning the labor of collect- 
ing them was a necessary preliminary to its re-formation. Sometimes a 
sick man, much exhausted by the jolting of his transit over rough roads, 
would beg to remain at the ambulance camp for the night rather than be 
carried half a mile farther to his proper hospital. Again, the baggage- 
wagons being far in the rear and the weather stormy, all serious cases 
might be retained by order in the ambulances as affording a certain shelter, 
thus constituting a rudimentary division ambulant hospital by night as 
well as by day. In looking back, it appears surprising that the sugges- 
tions of every day's experience were not sooner worked out into a regu- 
larly organized system. 

On the battle-field, as on the march, the regimental hospitals were 
found inefficient, although here the Regulations permitted liberties to be 
taken with them, aggregating but not consolidating them into depots 
which continued during the emergency. The medical director was author- 
ized, after consultation with the quartermaster, to send certain of his 
officers to the front with the ambulance wagons to render such immediate 
aid as might be required by the wounded. The others he directed to fall 

' In this country we apply the word ambulance to the light four-wheeled, two-horse 
wagon, which carries the sick on a march, or the wounded from the front to the field 
division hospitals. 

For recent improvements in the wagon, see Report of a Board of Officers to decide 
upon a Pattern of Ambulance Wagon for Army Use, Washington Government Print- 
ing Office, 1878. 
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back to certain sheltered points in the rear, where they treated the cases 
as they were brought in from the field. 

But these depots lacked system and co-operation. They were simply 
a collection of regimental operating-tables, regimental supplies, and regi- 
mental officers; and although humanity, and we might say professional 
instinct, freely proffered co-operation of service, a surgeon would hesitate 
to place his supplies at the disposition of another command, if there 
seemed little likelihood of replenishing them before his own regiment be- 
came engaged. However, as in the ambulant hospital of the march, there 
was here the germ of consolidation which developed ultimately into as per- 
fect a system of field-hospital organization as appears in military history. 

It may seem strange that, while so much system existed in all depart- 
ments of the army, it should be lacking in such an important matter as 
the care of the wounded and sick. Regiments were organized into bri- 
gades and the brigade handled as a unit by its commander, brigades into 
divisions, and these into corps. Baggage, subsistence, and ordnance 
trains were in like manner systematically organized. Even the ambulances, 
under command of quartermaster's officers, marched by divisions or corps, 
so as not to interfere with the evolutions of the troops in case of an en- 
counter with the enemy. Yet the hospitals were left as a series of dis- 
connected units, to co-operate as humanity or the occasional order of a 
commanding officer might dictate. 

This was owing to the non-combatant status of the medical ofTicer. His 
duty i)eing to give an opinion when required on sanitary matters, to treat 
the sick and care for the wounded when brought to him, his suggestions 
on questions of organization or command were lightl}' considered, as 
having no basis of experience. He had no control over the ambulances 
which carried his sick, none over the wagons which transported his sup- 
plies, none even over the selection of site for his fiold-hospitals, as, not 
being a combatant officer, he could not be expected to know what would 
be a proper position under existing military circumstances. He was there 
simply to render professional assistance to the wounded. Even the medi- 
cal director — a director in name only — having assigned his officers to the 
front and rear as above stated, was ordered to take post at the principal 
depot and there render his professional services. He and his officers 
having arrived at the depots, their efforts on behalf of the wounded might 
be paralyzed by want of co-efficient action on the part of the supply de- 
partments. The chief quartermaster was charged with tlie duties which 
properly belong to a medical director. He was, in truth, the chief of the 
medical department, superintending the removal of the wounded from 
the field, bringing up their supplies and establishing their hospitals. 
Medical officers may be said to liave been professional attaches of the 
Quartermaster's Department. But this status Avas not generally appre- 
ciated. The medical staff was placed in a false position. Its best con- 
certed plans might miscarry by want of support from its actual chiefs. 
Yet, in the event of preventable suffering to the wounded, it was held 
responsible by the sufferers and tlie country. 
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It was early recognized by the officers of the department that, unless 
they had full charge of both patients and supplies, they ought not to be 
held answerable for results. Dr. Tripler, U.S.A., toward the conclusion 
of his Report on the Peninsular Campaign, attributes the failure of the 
medical department of the Army of the Potomac to meet a just public 
expectation, if it did so fail, which he denies : " to a deficiency in the 
number of officers; to the denial to them of proper official position, they 
being considered only as ' doctors ' to be called upon to prescribe for a 
man reporting sick, but not authorized to meddle in any way with the 
police customs of the camp, or to insist on any measure for the preserva- 
tion of the health of the men; to the not being permitted to control the 
means of transportation furnished to them, etc." 

To the efficient performance of its humanitarian duties there was 
needful to the medical department of the army a higher organization on its 
own part, and the subordination to it of that section of the Quartermaster's 
Department which was concerned in hospital transportation. 

Dr. Tripler, while medical director, took the first step toward organi- 
zation by establishing brigade surgeons to aid him in the administration 
of medical affairs, as he found it impossible to oversee so many units and 
instruct so many officers, most of whom, being fresh from civil life, were 
totally unacquainted with military usages, camp conservancy, and field 
duties. Although attached to the regimental system, he found it neces- 
sary, in the winter of 1861-'62, to form brigade-hospitals, making details of 
officers and attendants for their establishment from the regimental insti- 
tutions. But these were intended simply to relieve the local hospitals, many 
of which were overcrowded, and they were broken up when the necessity 
for their existence ceased. 

He also attempted the formation of a corps of stretcher-bearers to ex- 
pedite the removal of wounded from the field; but, as the only men avail- 
able were the regulation details for duty in regimental hospitals and the 
musicians of the command, and, as during an engagement the former were 
required at the depots as cooks and attendants, while the latter as a bod}' 
were inefficient and could not be made to obey orders, the plan fell to the 
ground. 

Medical Director Letterman, U.S.A., made a decisive advance to con- 
solidation and higher organization by adopting the system of suppljang 
by brigades. While the regimental hospital carried its own supplies, two 
and sometimes three wagons were required for each, or rather for the pri- 
vate baggage of officers of the regiment, which was piled into them, the 
medical officer having no authority to prevent such misapplication of his 
transportation. But, under the new rule, one wagon sufficed per regi- 
ment for the tents, blankets, medicine-chests, etc., and one was found 
sufficient for the brigade surgeon as purveyor. This reduced the hospital 
transportation of the army by one-half. But its chief importance, in a 
medical point of view, was the right of participation in the supply con- 
ferred on the wounded irrespective of regimental designation. And, fur- 
ther, the prospect of the supplies reaching the ground Avhen required was 
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increased, as the wagons containing them were permitted to travel with 
the ambulances, instead of with the heavy trains. Much loss of stores and 
stimulants by theft was also prevented by this arrangement. 

Having secured the arrival of medical supplies on the field, Dr. Letter- 
man organized the regimental medical officers by divisions into field-hospi- 
tals, for the systematic care of the wounded during an engagement. A 
surgeon was detailed in charge of each hospital, with assistants to keep 
the records and superintend the kitchens, while to the operating-table 
carried by each brigade-w^agon were assigned an experienced operator and 
assistants. Officers not on special detail accompanied their regiments to 
the front, and rendered such aid as was possible. Thus, in the event of a 
l)attle, every medical officer knew the duty he was expected to perform, 
and the labor of caring for a sudden influx of wounded was accomplished 
without confusion. 

Dr. Letter man also suggested plans for an ambulance corps to provide 
for the transportation of the wounded from the field — plans which, while 
relieving medical officers from the care of wagons, horses, and harness, 
placed their use entirely at the disposal of the department. These were 
carried into effect, and the results obtained were gratifying to every medi- 
cal officer in the army. 

The field-hospital system was tried at Antietam in September, 18G2, 
and was in perfect operation at Fredericksburg in December. The medi- 
cal officers did their duty satisfactorily on this system at Cliancellorsville, 
in May, 18G3, but their results were vitiated by want of transportation. 
In July of the same year, at Gettysburg, where 21,000 men were thrown 
suddenly on the hospitals, the medical departmeiit did its duty efficiently 
within the Ihnits of its powers. Surgeons, ambulances, brigade-wagons, 
w^ith supplies of blankets, chloroform, dressings, opiates, stimulants, and 
beef-stock, were on the ground, but the trains containing hospital-tents 
and food-supplies were twenty-five miles distant. 

The system adopted about this time, of badging the divisions with a 
distinctive mark, was of much use in preventing confusion during and 
after an engagement as well among the wounded as among the regiments 
in line. The badge of the Second Army Corps, for instance, was a club or 
trefoil, in red for the First, white for the Second, and blue for the Third 
Division, worn on the cap by each officer and soldier, painted prominently 
on the ambulances, and displayed on all hospital guidons and flags. It 
familiarized the soldier with the unity of the division, making him feel at 
home where his badge was worn, although surrounded by comrades with 
different regimental numbers and State names. 

The division-hospitals, organized at first for battle emergencies, and 
broken up as soon as the wounded were cared for and sent to more settled 
establishments, were found to be convenient institutions to receive sick 
from crowded regimental hospitals. On this footing they were kept open 
during the winter of 1863-'G4, each in rear of its division-camp, and on the 
best site available. They consisted of hospital-tents usually pitched on 
three sides of a square, a plank walk running in front of the tents, with a 
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weather cover of brush-wood or pine branches raised over it. 'i'wo tents 
were united to form a ward of ten or twelve beds, heated at one end by 
an open fire-place of brick or clay-lined logs. Officers' quarters, kitchens, 
etc., were in log- huts of tent-size, roofed over with spare flies. Division 
commanders took an interest in these hospitals and furnished fatigue de- 
tails for building. Attendants detailed from regimental hospitals did the 
heavy work, and convalescents sufficed for the light police duties. Many 
sick were treated in them, who, under previous conditions, would have 
been sent out of the lines of the army. In one — that of the First Division, 
Second Army Corps — the wounded in the affair at JNIorton's Ford, on the 
Rapidan, February, 18G4, 300 in number, were retained and treated until 
return to duty. 

As campaigning had shown the superiority of the division unit in field- 
hospitals, so the experience of that winter demonstrated its advantages 
over the regimental unit in quiescent camps. The latter, indeed, came 
generally to be regarded as an obsolete institution. Much regimental 
property was, however, still on hand, and had to be loaded on medical 
wagons at the commencement of the campaign of 1864, increasing the 
length of the train, but productive of benefit to nobody, as the division- 
hospitals were charged with all responsibilities. During the progress of 
the campaign a considerable reduction of the transportation was ordered, 
when these valueless supplies and property were turned in to the army 
purveyor, and the regimental hospital became extinct. With the excep- 
tion of the small medical staff permanently assigned to each division-hos- 
pital, all other medical officers, including operators and their assistants, 
marched and camped with their repective regiments, holding surgeon's 
call at regulation hours, prescribing for trivial ailments from the field- 
knapsack, sending less simple prescriptions to the hospital, as to a drug 
store, to be filled, or sending the patient himself for care and treatment, if 
his disability promised to be of some duration. 

Under the administration of Dr. McParlin, the field-hospitals attained 
their maximum of efficiency. Experience had manifested that food-sup- 
plies were often lacking on the battle-field. To provide for this, a line 
officer reported to the surgeon in charge of each as commissary of subsist- 
ence for the hospital. He became responsible for the food-supply of the 
wounded. A certain number of rations were then carried with the medi- 
cal train, which, in the event of a battle, rendered the department inde- 
pendent of the heavy supply-trains, usually many miles from the scene of 
action. Again, as the order of march sometimes prohibited all wagons, 
except ambulances, from accompanying an expeditionary column, and as 
food-supplies had to be provided in such cases for the wounded, a locked 
box or drawer was fitted under one of the seats of each ambulance. 
These were packed with so many pounds of beef-stock, hard bread, coffee, 
sugar, etc., and with field medical supplies, to reinforce the brigade- 
wagons in case of their exhaustion, or replace them in case of acci- 
dent. 

As organized during the later operations of the war, the medical ser- 
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vice of the army consisted of permanently established division-hospitals, 
wherein the sick were treated while in camp, and transported when on 
the march, and which provided for all the emergencies of battle by serv- 
ing as the rendezvous for the operative surgeons and their assistants. 

They were under the control of the medical director of the corps in all 
their parts, their personnel, their medical and food suppplies, their shel- 
ters, their ambulance- and baggage-wagons. With him rode on the staff 
of the general commanding a chief of ambulances, who relieved him of 
the duty of inspecting and preserving wagons and horses in efficient con- 
dition, who drilled and disciplined the officers and men of the division 
ambulances, and who, when it became necessary to use these wagons, re- 
ceived his orders for their distribution and management in collecting the 
sick and wounded and conveying them to their destination. He was also 
furnished with a medical inspector, whose duty it was to keep him in- 
formed of the sanitary condition of the command while in camp, and, 
when on the march or in battle, to act as aide in the superintendence of 
medical affairs. The medical director received the orders, instructions, or 
suggestions of the commanding general concerning the possibilities of the 
future, and took his measures accordingly to ensure efficient action in his 
department. 

A surgeon-in-chief accompanied the division general as a staff officer, 
and had control of the medical department of the command under the 
orders of the medical director; but, in tlie absence of orders, he was de 
facto medical director, and acted independently for the best interests of 
the sick and wounded of his division. 

The division-hospital ccmsisted of a surgeon-in-charge, wlio was respon- 
sible on the march for the sick, and in camp for their shelter and comfort, 
and for the police and general management of the hospital, of which he 
was commanding officer. He received his orders to move or establish 
from the superior authority of either corps or division headquarters. One 
assistant had charge of the records — another, of the kitchens. These were 
their battle-field duties, and on such occasions occupied all their time and 
attention; but in quiet times with only sick in camp, or on the march with 
a light sick-list, they were able to render professional or bedside service, 
and with an attending physician usually sufficed for the treatment of all 
cases. But, of course, did circumstances necessitate, details from regi- 
ments could supply all the assistance required. In addition, there Avas 
present for duty an officer of the line, who was commissary of subsistence 
for the hospital, responsible under the orders of the surgeon in charge for 
the food-supply, and who also acted as permanent officer of the day, 
charged with the general police of the hospital, and having under his 
orders the pioneer party of ten or twelve men, who pitched or packed the 
tents and performed the necessary guard-duty. 

Attached to the hospital, travelling always with it or in connection 
with it, and camping always in its neighborhood, was the ambulance corps 
of the division. It formed a separate command, over which the surgeon 
in charge had no control, but which received orders from the officers under 
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whose direction he himself performed his duties, to wit: the surgeon-iii- 
chief of division or the corps director. 

It consisted of a lieutenant in command, who was quartermaster of 
the train, and responsible to that department for its material. Under him 
a subaltern officer was in command of each brigade section, with a sergeant 
from each regiment and three men for each ambulance — one as a driver 
and two as stretcher-bearers. The officers and sergeants were mounted. 

As quartermaster of the hospital, the lieutenant in command took 
charge of the brigade medicine-wagons and of those carrying the hospital 
material, bringing them on the ground along with his ambulances and 
forage-wagons as a part of his train. 

Practically, one ambulance was allowed to every two hundred men of 
the fighting force, and this allowance was found sufficient to carry the 
transient sick after the army in its movements, and to bring the wounded 
from the field to the division-hospitals. To transport them from these to 
the hospitals at the base, subsistence issues were made to the troops and 
the empty wagons littered with hay, pine twigs, and blankets, for use as 
ambulances. 

The train of the division ambulance officer — the strength of the com- 
mand being eight to ten thousand men — consisted of forty to fifty ambu- 
lances, three brigade medicine-wagons, and about a dozen army-wagons, 
carrying forage, rations, hospital-tents, blankets, kitchen utensils, etc. 
Thirty tents were sufficient for the shelter of the more serious cases of 
any engagement. Men slightly wounded camped for the time being on 
the hospital grounds under their shelter-canvas. 

When a move was proposed, the medical director promulgated the 
order of march, and at the time appointed the ambulance and hospital 
train were ready to take position in the column. When the order has 
been for an immediate movement, the sick and wounded have been placed 
in the ambulances, tents struck, and all impedimenta loaded on the wagons 
within an hour after the issue of the order. But thorough discipline and 
experienced men are required for such results. The train took its place 
in the column, usually in rear of its corps, sending a detachment of am- 
bulances and an attending medical officer to the rear of the division, to 
pick up the accidents of the route. 

When the division was ordered into line of battle with probability of 
an engagement, a site for the hospital was selected by the medical director 
or surgeon-in-chief, in some sheltered spot, with good water and good 
roads to the front. In the early battles of the war, houses and barns were 
always chosen for sites or depots, as affording shelter to the wounded; in 
the later, surgeons-in-charge seldom took advantage of such shelter, pre- 
ferring their tent-hospitals; but the vicinity of a house was often selected, 
as it formed a good land-mark, and was usually well supplied with water 
and in good connection with main roads. 

Ambulance officers put the roads between the hospital and the line of 
battle in condition, and selected sheltered places in the immediate rear of 
each brigade as ambulance rendezvous, where the stretcher-bearers from 



t 



HYGIENE OF CAMPS. 



169 



the field were relieved of their burdens, and where surgeons not on detail 
for hospital service gave field attention to the wounded. 

In the meantime, at the division-hospital tents were pitched, beds pre- 
pared, kitchens opened, operating-tables established, and the various sur- 
geons connected with the institution had reported from their regiments. 
Everything was prepared for the reception of the wounded, oftentimes long 
before the first case was brought in from the front, and this without any 
hurry or confusion, as each officer and man in the command knew the duty 
which it was his part to perform to complete the hospital work. 

At the front, when a man was struck, he made his way to the ambu- 
lance rendezvous, if able; but if he fell, the stretcher-bearers, held well to 
duty by the number of mounted officers and non-commissioned officers 
over them, took him in charge, thus preventing any straggling from the 
fighting force on the humanitarian plea of helping the wounded to the 
rear. The system of the medical department and its ambulance corps was 
as successful in preserving the integrity of the fighting line as it was in 
its primary object of caring for the wounded. 

The efficiency of this system was tried severely in the campaign of 18G4, 
leading from the Rapidan by way of the Wilderness, Spottsylvania, Cold 
Harbor, and other fields across the James River to Petersburg, Va. In the 
early years of the war such a series of battles could only have been fought 
with much neglect of and suffering to the wounded. As it was, they were 
received, operated on, and transmitted under medical supervision to the 
base hospitals, where another section of the medical organization provided 
for their well-being with a celerity which left the field-hospitals ever 
ready to follow the command or receive a fresh installment of cases. 

Many illustrations could be given of the satisfactory results of the 
division-hospital system as compared with the unrelieved suffering result- 
ing from that which preceded it. But these are not the pages on which 
to record them. They can be found in almost every report in the Appen- 
dix to Part First of the Medical Volume of the Medical and Surgical His- 
tory of the War, and they are yet fresh in the memory of many medical 
men in civil life who followed the flag in those troublous times. 

With efficient organization, as described above, and thorough disci- 
pline in the field medical department, combined with liberal appropriations 
for hospital supplies and active co-operation on the part of purveyors, all 
preventable misery may be removed from the battle-field. The soldier 
risks life, limb, and liberty in the service of his government, and justice 
suggests that, if struck down in battle or prostrated by sickness, no con- 
siderations of trouble or expense should outweigh his claim to be guarded 
against all unnecessary suffering. The voice of humanity sustains him in 
the expectation of such care, for no great war is now undertaken without 
the formation of Volunteer Aid Societies for the amelioration of his con- 
dition. 

A paragraph or two on these societies may close this section. 
If such institutions are of value, other than in the moral point of view 
as expressive of a sympathy strong enough to be nractical, the medical 
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arrangements of the army are inefficient and require reorganization. But, 
even when of value, their administration works at a disadvantage. It has 
necessarily less knowledge of coming events and possible necessities, less 
experience of army usages, and less influence in military circles, than the 
medical department, however imperfect in organization. The good accom- 
plished by the funds of the society is thus proportionally less, for the 
amount expended, than if turned into the hands of the official administra- 
tion. While as to the personnel: enthusiasm in individual cases may 
enable the worker to be of value, but, as a rule, it cannot be expected that 
volunteer aid, subject to no orders and uncertain as to the progress of 
events, will be as efficient in the confusion and dangers of the battle-field, 
as if subordinate to existing authority and laboring in co-operation with 
the system of the department. 

Possibly in no army could aid societies have had greater consideration 
paid them by military men than in ours, yet the battle-field was not the 
scene of their best labors, but the base and other sedentary hospitals where 
the wounded were treated after the field medical organization had been 
relieved from their charge. So, in Europe, the aid furnished will be found 
to be, not succor at the moment of injury, but attention and comforts 
after the wounded are aggregated in the hospitals, barracks, and churches 
of the nearest city. 

Liberal governments should render these services unnecessary; but, 
however satisfactory the governmental provision, it is probable that a sym- 
pathetic humanity would subscribe funds, and the enthusiasm of individuals 
carry them to the neighborhood of the hospitals as an irregular force of 
volunteer aid. 

Where the Medical Department of the army is all it ought to be, volunteer 
aid societies are, to say the least, needless. Where it is inefficient, they 
are useful — not so much from the aid they contribute on the battle-ground, 
but as pointing out alike to public officials and public observation the 
necessity for improved methods. Probably the greatest good effected by 
our Sanitary Commission during the war was the influence it exercised in 
liberalizing supplies and hospital accommodations, by demonstrating that 
the country held money as valueless in the face of human suffering. 

In the later years of the war, and now that the sick and wounded sol- 
dier is provided with a liberal medical supply, it seems strange and sad, 
as illustrative of the pernicious economy of army rules at that time, to read 
in the Report of the Medical Director of the Army of the Potomac that, 
during the winter of 1861: " The prophylactic use of quinine and whiskey 
having been suggested as a means of preventing malarial disease, I deter- 
mined to test its efficacy. There being no warrant for such an issue in 
the regulations of the army, I procured a small quantity from a Sanitary 
Aid Society," etc' 



' Surgeon Charles S. Tripler, Medical Director U.S.A., in Appendix to Medical 
Volume of History of the War. 
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SECTION X. 

ox THE CAMPS OP CIVIL LIFE. 

The principles of camp hygiene are the same for the citizen as for the 
soldier, whether the camp consists of the tent of a solitary hunter, the log- 
hut of a settler, or the temporary habitations of the people in their sum- 
mer exodus from the cities in search of cooler breezes and purer air. 

The camp should be laid out in accordance with some definite plan, 
that the sinks or kitchens of one set of quarters may not be in closer prox- 
imity to the occupants of neighboring shelters than is desirable. The 
streets have to be wide, as they are the only common gi-ound or promenade; 
and the intervals between tents sufficient not only for police and ventila- 
tion, as in the military camp, but for domestic privacy, when such is re- 
quired by the composition of the population. All of which insures the 
camp-area against overcrowding. 

Military necessity often requires the occupation of an unhealthy site. 
The civilian's liberty of choice is never controlled in this imperative man- 
ner. Nevertheless, miners, agricultural settlers, cattle ranchmen, and 
others have their selection narrowed by business considerations; while 
explorers, surveyors, emigrants, and pleasure-parties in route camps have 
site in its general aspect forced upon them by the character of the country 
through which they are passing, and by the necessity of a water-supply to 
camp. The question of site in these cases merits due consideration, as 
health may be impaired by an injudicious decision. 

But in all civilian encampments intended as pleasure or health resorts 
there should be no doubt of the salubrity of the site selected. It should 
be dry, and present the dry neighborhood with wood, water, and grass, 
which insure freedom from miasmatic disease, and from dust, nuid, and 
sun-glare. Advantage is to be taken of the natural features of the country 
for shade or shelter, as the season may require. 

For the mass of our population who cannot afford to pay hotel charges 
at seaside and mountain resorts, there are great hygienic possibilities corn- 
})rised in the plan of camping under canvas for a few weeks during the 
hot season. Many islands around the mouth of Portland Harbor, Me. 
(the present station of the writer), are in summer converted into seaside 
camps. Half a dozen small steamers find occupation in carrying picnic 
parties to the islands, and recruits and supplies for the encampments. 
Tents, cooking-stoves, and utensils can be rented by the week, month, or 
season, at a comparative trifle, so that the citizen has to carry Avith him 
only the bedding, table-ware, and personal belongings of himself and 
family. Experience is necessary in "camping out," to derive the benefits 
without risk from accidental exposures or inconvenience from the want of 
accustomed facilities; but such experience need not be personal, if the in- 
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dividual can pi ofit by tliat of his neighbors of longer standing in the camp 
community. Other cities, with favorable sites in their vicinity, might 
adopt with advantage this method of summering. 

The tents should be of good cotton duck, weighing at least ten ounces 
to the linear yard. Ventilation must be provided for by apertures in the 
roof, protected, in the wall-tent, by the fly — the best method — or, in the 
flyless tent, by an overlapping flap. In calm, damp weather, when the 
pores of the canvas are closed by contraction and thickening of its fibres, 
the ventilators are especially, useful, while on sultry afternoons their cool- 
ing influence is distinctly marked. In the erection of log-huts or light 
boarded quarters, attention must be paid to all sanitary considerations. 

In cold weather, when the tent cannot be warmed sufficiently by a 
camp-fire opposite the open entrance, the rear wall must be cut and a fire- 
place built. The open fireplace is by far the best means of warming a 
tent or hut. Stoves are worse than useless, except in very large tents, 
especially where wood is used as fuel ; the small tent becomes quickly 
overheated, and, when the fire is permitted to die out, it as rapidly cools. 
The California stove has been eulogized by many, but the air of the tent 
becomes more or less pervaded by irritant products of combustion, while 
accidents from fire are common. It consists of a sunken fireplace in front 
of the tent, with a flue running under its floor, the smoke, flame, and hot 
air being drafted through the flue by a chimney in rear. It is, in fact, a 
reverberating furnace constructed under the tent. 

Overcrowding in tents or huts during the night, or during the day 
when inclement weather calls for the closing up of all apertures, is a com- 
mon infraction of sanitary rules among the miners, herders, and emigrants 
of the West, and not unfrequent in the summer camps of the East. The 
pure air which bathes the exterior of the tent is no protection against the 
deleterious effects of the impure air within ; and while camp-life invigo- 
rates the system and inures to exposures, animal poisons are not included 
among the influences against which powers of resistance are accumulated. 
Nor does exposure to their influence conduce to the invigoration which is 
aimed at by life in camp. 

Where the camp-site is all tliat it should be, the ground surface, with 
good local trenching, may be used as the floor of the shelter, premising 
that it is to be occupied only as a shelter, and not made to do duty as a 
dining-room. With dampness in site, a raised board floor covered with 
oil-cloth is needful. But in all cases bedsteads should be provided, raised 
as high as the form of the tent will permit. When circumstances require 
the civilian to spread his blankets on the ground, a waterproof poncho, 
rubber sheet, or piece of oil-cloth, should form the basement layer. 

A searching police system is as essential in the civil camp as in the 
military, but it is seldom that it can be so well carried out, as the citizen, 
unless in extreme circumstances, would rebel against an iron-handed des- 
potism like that of the military rule, even if exercised for his well-being. 
Perfect cleanliness is needful in the small camp as in the large, for if soil 
contamination and consequent injury to health are out of the question 
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on account of temporary occupation and paucity of individuals, physical 
comfort is dependent on a thorough police. Any one can appreciate this 
who has been fretted beyond endurance in a foul summer camp by an en- 
demic of the fly-pest. Besides, comfort from the side of the lesthetic 
sense is incompatible with the customs prevalent in an unpoliced camp. 

Tenting-out, or " roughing it^'' legitimately implies exposure, within 
limits, to vicissitudes of temperature, weather changes, and the fatigues 
of out-door life, by which the health and strength may be improved ; but 
it by no means includes exposure to the foulness which settles on a neg- 
lected camp-ground, or to the miasms which may arise therefrom. Nor is 
this condition to be accepted as a consequence of the camf)ing-out — an 
inevitable to be endured like the nauseous taste of a salutary medicine. 
The labor necessary to prevent it is the inevitable, and should be recog- 
nized as such. And further, while many of the luxuries of civilization are 
unattainable in camp, it does not follow that any of the essentials of 
health, of which cleanliness is one, are to be given up. The plate on 
which the trout or venison steak is served in the hunter's camp may be of 
tin, but roughing it does not imply that the tin may be less free from soil 
or stain than were it in use in an irreproachable home-kitchen. 

In large camps it may seem desirable to institute a general police system, 
but the cleanliness of camp will depend not so much upon it as on the 
care bestowed by individuals on the area for which they are responsible. 
Kitchen refuse may be buried, if the superficies will admit of this dispo- 
sition ; but, when the density of population ap2:)roaches that of the mili- 
tary camp, it is better to have it carted away to a selected dumping- 
ground. Sinks should be at proper distance from the quarters, well shel- 
tered, and any imperfection in their condition promptly remedied. They 
should be established to leeward of habitations, and on a lower level than 
the water-supply. General supervision is necessary to prevent infringe- 
ment by one section on the sanitary rights of other portions of the camp. 
Where the healthful condition of the whole depends so much on indi- 
vidual action, a knowledge of the principles of camp hygiene must be dis- 
seminated, A schedule of suggestions may be framed to meet the re- 
quirements of the occasion. A thorough understanding of the military 
system will provide for all contingencies in civil life. 

In seasons of pestilence, when the inhabitants of an infected city fly 
to camp for safety, the camps formed should be small. ^Military rule is 
needful for effective quarantine and police, and, under the circumstances, 
would no doubt be accepted by the people as a necessity. 

As with site, so with the water-supply: certain camps — those of emi- 
grants, surveyors, hunters, etc., while en route — have choice denied them. 
Precautions must be taken if suspicion attaches to the supply. Portable 
filters are useful in such cases. River-waters, when turbid, should not be 
used without filtration. Snow- and surface-waters should be boiled to 
render their organic matter harmless. The standing camps of miners, 
ranchmen, and others are best supplied by springs or wells, no matter how 
pure the river-water may appear. 
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But all summer health-resorts or pleasure-camps should make use of 
water that is knoton to be free from organic impurity and wholesome in 
its inorganic constituents. 

The clothing must be suited to climate and season, but extra articles 
should be at hand for unexpected weather changes, overcoats and wraps 
against evening chills, and waterproofs for rainfalls. Flannel under- 
garments are imperative. Wet clothing should be changed immediately, 
or, if this is impossible, exercise should be kept up until the opportunity 
is afforded. The limits of exposure must never be trespassed. 

The importance of good cookery is as great to the citizen as to the 
soldier, although his supplies may be more liberal and varied. Camp- 
life dispenses with many kitchen facilities, and thus erases many made 
dishes from the bill of fare. But those retained should be served in per- 
fect condition. The shortcomings of the camp-fire or kitchen-range must 
not be allowed as valid excuse for bad cookery, for nothing should be at- 
tempted save what the camp facilities can accomplish. Heavy or alkaline 
bread, lardaceous pastry, half -cooked vegetables, over or underdone meat, 
fries, and greasy soups, are not necessary consequents of camp-life, any 
more than are the kitchen-garbage, slops, and vegetable refuse of a de- 
ficient police system. Camp hygiene is intolerant of bad cookery. 

Having thus briefly indicated the more frequent infractions of camp 
sanitary laws, it remains to be noted that the application of what has been 
written extends much further than to the summer camps of a fraction of 
our eastern population and the makeshift habitations of western adven- 
turers. The camps of civil life occupy a larger field than appears at first 
sight. This can be best realized in the Territories, where a camp becomes 
recognized as a village or town without change in the hygienic conditions 
of the majority of its population. The surface on which the habitations 
are erected may not even be trenched, the floors may be on the ground 
level or below it, or, if raised and boarded, may cover a hot-bed of organic 
decomposition. The shelter, on occasions, may be as imperfect as that of 
any tent, and ventilation on others as deficient. Even if the area is not 
crowded, continued occupation pollutes the soil, it being the depository 
of all organic refuse and excreta, and the water-supply may become per- 
nicious by infiltration. Here are all the general unsanitary conditions of 
camps to originate disease and propagate specific germs into endemic 
virulence. Scattered settlements and many villages throughout the coun- 
try are, from the hygienic point of view, as truly camps as the winter 
quarters of a military detachment on field-service — density of population as 
a polluting factor being offset by deficient police and permanent occupation. 
In individual cases, camp conditions may be said to disappear with the ad- 
vent of subsoil-drainage and cellarage; but a large settlement does not pass 
from under the government of camp sanitary laws until a system is institu- 
ted for the removal of sewerage and organic refuse, and a water-source pro- 
vided free from any possibility of contamination by its consumers. 
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Naval Hyoiene has for its province all that concerns the health of 
a special class, which is composed of individuals of only one sex and of 
limited ages, and whose occupation is pursued under conditions which 
are so arrayed as to be in almost absolute defiance of all sanitary laws. 
Nevertheless, it is among this class of individuals and under these un- 
favorable conditions that preventive medicine has demonstrated its eco- 
nomic and social value. 

The necessities of commerce, the demand for its protection, as well as 
the integrity of nations, have changed the models of the ships of half a cen- 
tury ago; and legalized enactments based upon the results of scientific sani- 
tary research have also modified the conditions of ship-life since that pe- 
riod, so that a steady advance for the better is the characteristic of Naval 
Hygiene at the present time. All the improved and improving surround- 
ings of the seaman of to-day, however, have only been attained by much 
demonstration, more argument, and at the expense of many lives, for the 
conflict has been and still is against ignorance, selfishness, and the inertia 
of conservatism. No sanitary code exists at present in the naval or 
merchant marine, and much of the hygienic management of the sailor 
and his environments is still founded upon those vague quantities, the so- 
called " usages and customs of the sea service." That a code plenary in 
extent, mandatory in character, with punishments for its infractions, is 
necessary, can readily be demonstrated from the logs of such vessels as 
the "Cultivator," "Empire State," " Ringleader," etc. — examples of un- 
sanitary surroundings that would have disgraced barbarism, if possible, 
rather than the enlightenment of this century. The observation of some 
years leads me to think that such a code would not be inapplicable to the 
naval service. 

Despite this neglect, great progress has been made in the sanitary 
condition of ships and crews, and thus it is that to-day the scourge typhus 
has almost lost its synonym of "ship" fever, and that scurvy presents 
but few cases in the returns from ships and hospitals for seamen. 
Vol. II.- 12 
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SECTION I. 

THE SHIP. 

Modern naval architecture is justly proud of its success in the 
beautiful models of ships, with their fine lines, great carrying capacity 
and spread of canvas, great speed under sail, under steam, or under 
both. Vessels are constructed entirely of wood or iron, or of both, as in 
the encased or composite ships, and are either wholly propelled by steam 
or by sails, or by sail and steam. 

The word "vessel," by the Revised Statutes of the United States, "in- 
cludes every description of water-craft or other artificial contrivance used 
or capable of being used as a means of transportation on water," and it 
is to be " understood to comprehend every description of vessel navigat- 
ing on any sea or channel, lake or river." English jurists define vessel as 
synonymous with ship, and a ship is declared to be every description of 
vessel navigating on the sea. 

The shape of vessels has differed very little in all times, and the 
sharpened log of the Australasian, as well as the fragments of the vessels 
of the Vikings as figured in Parker's " Fleets of the World," are, as it 
were, but the pre-Raphaelite sketches of that which has progressively de- 
veloped and found expression in such vessels as the " Niagara " and 
Sovereign of the Seas." This form, however, has been principally de- 
termined by the effort to secure speed, to diminish the resistance offered 
by the watei", as well as to attain capacity with stability and strength. 
Little also has been changed inboard ; as the size of ships has increased, 
so necessarily has the division of the enclosed space; and thus, from a ves- 
sel with but one deck covering the hold, we come to those of two and 
three decks, making compartments analogous to the stories of a house. 
In vessels of war such decks have received different names. Thus, the 
orlop, the lowest deck, is below the water-line, dark, ill-ventilated, and 
seldom or never inhabited. Next above this is the berth-deck, the sleep- 
ing apartment of most of the crew ; it is below the water-line, and, in 
vessels with but one fighting-deck, has more light and is better ventilated 
than the orlop. Above this, in some vessels, is the gun-deck, which is 
above the water-line, has improved conditions as to air and light, and is 
also used as a sleeping apartment for the crew. Above this is the spar- 
deck, the only open air-space in the vessel. On this deck, in vessels of 
war, are generally found the apartments of the commanding officer. On 
the berth-deck are the apartments of the other officers. The hold is gen- 
erally divided into compartments by transverse vertical partitions, and 
these spaces are named, from forward aft, the fore-, main-, and after- 
holds. In steamers the engines and boilers are situated generally between 
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\ the main- and after-holds. Below the orlop are the bilges — that part of 

the ship upon which she would rest if ashore. Here also are the limbers, 
which are holes in the flooring permitting the water which comes through 
the seams of the vessel to collect near the pump-wells. These are the 
sewers of the ship, and have given a name to a water and characterized a 
stench. 

On the spar-deck forward is the forecastle, a place famous in song 
and story. In naval vessels this is usually covered in by a deck extend- 
ing some distance aft, and is the resort of the crew when not on watch 
in wet weather; in merchant vessels the forecastle is the place for the 
bunks, or sleeping-berths of the men. Aft are the quarters for the cap- 
tain and passengers. The rest of the vessel is used for stowing cargo. 
Some merchant steamers have the same berthingf-decks as exist in men- 
of-war, but bunks are used instead of hammocks. 

The number of the crew in merchant vessels is dependent upon the 
opinion of the captain and owners ; the number of passengers is de- 
termined by statute. Thus, in the merchant marine of the United States 
the number of passengers is not to be greater than one for every two 
tons of the vessel, and it is also provided that the spaces appropriated for 
passengers shall be 16 clear superficial feet of deck, if the height between 
decks be not less than 6 feet; on the orlop, if used, 18 clear superficial 
feet of deck, if the height between decks be not less than 6 feet, and if 
the height between decks is equal to 7^ feet, then 14 clear superficial feet 
must be provided. No passenger is to be carried where the height be- 
tween decks is less than 6 feet. Two tiers of berths, only, are permitted, 
and they must be 6 feet in length by 2 feet in width, with an interval be- 
tween the lowest berth and the deck of not less than 9 inches. The Brit- 
ish Merchant Shipping Act assigns to foreign ships with British seamen 
54 cubic feet for each person, if sleeping in hammocks; if not, 72 cubic 
feet. In addition, each individual is allowed 12 superficial feet on deck. 
The regulations for transports under military control provide that there 
shall be only one person for every 2,7 tons. In vessels of the United 
States Navy the cubic space per man varies with the complement, but the 
following table from official sources may be accepted as the general average 
amount in the vessels named : 



Wabash 176 cubic feet per man. 

Franklin 175 

Shenandoah 96 

Tuscarora 93 " " 

Kearsage 81 " " 

Richmond 68 

Kansas 60 

Swatara 58 " " 

Yantic 45 



The Yantic has the smallest allowance of cubic feet per man of any 
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vessel known to the writer ; it is less than the 50 cubic feet allowed a 
coolie in his transit across the Pacific in vessels of the size of the 
" Pekin " and " Oceanic." Cameron, writing of the unsanitary condition 
of Irish canal-boats, states that he found in one 61^ cubic feet, and in 
another 133^ cubic feet for each person. 

In this general sketch of the habitation of the sailor the fact will be 
at once apparent that here the questions of density of population and of 
overcrowding are presented for consideration, as well as the attendant 
necessities for air and cleanliness. Other special points relating to the 
hygiene of a ship will also suggest themselves. 

It is a known law that the total deaths of a community are in a direct 
ratio to the crowding of the inhabited area, and that the sick rates are 
likewise proportionate. De Chaumont, in his essays on State medicine, 
presents tables with curves of population per acre, and number of deaths 
per thousand from phthisis, respiratory diseases, and the two com- 
bined (these are the most frequent causes of death to the sailor), and 
their parallelism is complete ; he also thinks that there can be no doubt 
that " the mere aggregation of human beings exercises a ^Dowerful influ- 
ence on their health and vitality. Apart from the determination of spe- 
cific disease, such as phthisis, overcrowding and foul air tend to increase 
the spread of all zymotic diseases, particularly those looked upon as con- 
tagious." The law holds good in the case of vessels overcrowded with 
emigrants, and, sooner or later, finds compensation for the cupidity as 
well as the careless criminal legislation that huddles human beings to- 
gether, in the diminished health and shortened lives of those who follow 
the sea. The sailor's wages are not alone for his labor, they are partial 
payments for his life ; he is of a short-lived race, and is aged before his 
time. Of ships in general, Turnbull gives as his experience that the 
larger the vessel the more sickly it is, and adds that it is not the size of 
the ship which renders her so, but the poorness of the accommodations 
which are provided for the hands. 

In regard to the Jiold, it should always be kept as dry as possible, and 
the pumps should be used so frequently as never to allow the bilge-water 
to accumulate. " It would indeed be preferable," and I again quote 
Turnbull, " constantly to keep the hold nearly dry, were it not that 
putrid matter is apt to collect there, and that the accumulation of a cer- 
tain quantity of water, to be afterwards pumped out, becomes necessary 
to wash off whatever is offensive." These suggestions were written 
before the days of steamers, but to-day have a tenfold more important 
value. 

In regard to the bilges, their characteristic odor depends upon " bilge- 
water." This collects in the lowest parts of the vessel by filtration 
through the seams. It has a strong odor of ammonium and hydrogen 
sulphides, and their presence is easily recognized by the reactions with 
lead and logwood papers and sodic nitroprusside. These compounds are 
the products of the decomposition of organic matter in contact with the 
sulphates in sea-water. Their presence is the evidence of the existence 
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of organic matter, and that such matter is undergoing destructive meta- 
morphosis. 

It must also be remembered that these compounds, when inhaled in 
varying amounts, have a peculiar poisonous effect on the blood-corpuscle, 
and that the phenomena of such action range from headache and nar- 
cosis to syncope and death. Daniell ascribed the coast of Africa fevers 
to the presence of hydrogen sulphide in the air ; with modern chemistry 
at hand it is safe to assert that such diseases have their orio-in in organic 
matter, and that the presence of hydrogen sulphide is the evidence as 
well as the product of filth fermentation. A concentration of the sea- 
water appears to take place after its entrance into the ship. Parkes 
states that seven days after the bilges had been sluiced, the specific 
gravity of the bilge-water was 1031 at 74° F., that of sea-water being 
at the same time 1031 at 71° F. In a vessel where the bilges had been 
cleaned the day before, the following observations were made by the 
writer : " Yedo Bay. Bilge-water, dark smoky color, slightly translucent, 
bitter saline taste; smells strongly of hydrogen sulphide; blackens lead 
paper, darkens logwood paper, strongly alkaline to turmeric paper; spe- 
cific gravity 1024 at 90° F. ; specific gravity of sea-water alongside, 
1024 at 71° F." Observed on the second day, the same reactions were 
obtained, but the specific gravity was 1024 at 82° F., the specific gravity 
of sea-water alongside being 1022 at 72° F. When the bilges had not 
been cleaned for two weeks the bilge-water was of the color of dilute 
ink, with black flocculi floating through the specimen ; specific gravity 
1022 at 82° F., the sea-water alongside having a specific gravity of 1018 
at 82° F. These specimens and many others were examined with the 
microscope, a one-tenth dry objective being used. A few woody fibres, 
some silicious particles, coal-dust, woollen fibres, etc., were found, but no 
living organisms, although a thorough search was made. An anguillula, 
however, has been reported as living in such water, and a figure of the 
animal is given. 

As has been stated, hydrogen and ammonium sulphides exist in bilge- 
water; the presence of these compounds is an evidence of decomposing 
organic matter, and they are poisonous of themselves. It would seem, 
therefore, evident to the dullest intellect that to remove it instantly when 
it had collected, and to prevent its accumulation, would be the remedial 
sanitary measures indicated ; yet it is within the experience of many 
naval medical officers to confirm this statement : that tiie bilges have 
been cleaned only to have fresh sea-water pumped into the vessel under 
the specious delusion that by this means the ship will be kept "sweet and 
clean." 

In regard to the forecastle in merchant vessels, it beggars description 
for overcrowding, want of ventilation, and filth. The bunks are but 
harbors for vermin ; the mess-chests serve for tables ; unaired bedding, 
wet clothes, and all manner of dirt find a resting-place in the forecastle. 
Wilson, Judson, Heber Smith — every writer upon marine hygiene bears 
testimony to the loathsomeness of the surroundings of this pen. Mr. 
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W. S. Lindsay, a large ship-owner and builder, the author of " Merchant 
Shipping and Ancient Commerce," thus describes the forecastle of the 
vessel in which he served his apprenticeship: "At all times it was a foul- 
some and suffocating abode, and in bad weather the water and filth which 
washed about the deck and among the chests and casks created the most 
intolerable and loathsome stench." 

The general hygienic management of a ship may be summed up in a 
few sentences : to avoid the evils of too dense a population, increase the 
area by giving more cubic space and lessening the number of passengers ; 
if this cannot be done, according to the views of builders and owners of 
vessels, then furnish an unlimited supply of fresh air; in the forecastle 
use hammocks instead of bunks, and secure more air, more light, and 
more dryness ; for the hold, bilges, and all spaces below the spar-deck, 
there is but one rule, one law, viz. : cleanliness and dryness. 



SECTION II. 

THE SAILOE. 

Every person, apprentices excepted, who shall be employed or engaged 
to serve in any capacity on board, shall be deemed and taken as a sea- 
man. By law, also, the limit of age for entrance upon this apprenticeship 
to the art and mystery of a mariner is " not less than twelve years, and of 
sufficient health and strength." The term of apprenticeship ceases at 
eighteen years of age. No further limit is known to the writer. It will 
be noticed that no provision is made for a proper physical examination in 
order to determine what is to be accepted as "sufficient health and 
strength." Taking into consideration the physical efforts at develop- 
ment within the ages mentioned, the rapidity of the assimilative process, 
the increased exhalation of carbon dioxide, the respiratory and circu- 
latory functions, the fact that these limited ages embrace the period of 
adolescence with all its physical and psychical phenomena, and contrast- 
ing the work and deprivations required by this occupation, it is difficult 
to conceive upon what pretext this childish age was chosen. It is the 
age of rapid growth, for all the phenomena grouped as vital are in more 
or less activity at this period, and their energy is used in building up the 
tissues. Within these ages it must also be remembered that physical 
endurance is not great. Savigny, one of the survivors of the wreck of 
the " Medusa," in 181G, observed that children, young persons, and the 
aged were the first to succumb when deprived of food and undergoing 
great mental depression and physical work. The problem of work in 
young persons also implies a limitation to the endurance, and the law- 
may be expressed, other things being equally considered, as having a 
ratio to the squares of the weights of the individuals. 
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In the English school- and training-ships for boys, certain measure- 
ments are taken as standards of physical development. Thus, a boy 15 
to 15^ years of age must measure, without shoes, 58.5 inches in height, 
and be 29 inches around the chest. At the " Ecole des Mousses," 
founded by the Chamber of Commerce, at Marseilles, boys of 14 years 
of age are required to be 1.39 metres (54 inches) in height before being 
accepted. 

Surgeon John S. Kitchen, U.S.X., some months before his decease, 
furnished the Avriter with the following record, which may serve as a 
guide to those desirous of investigating the subject : 



Age. 


Average 
height. 


Average chest 
measure. 


Average age. 


No. exam- 
ined. 


No. accept- 
ed. 




Inches. 


Inches. 


Yrs. mos. 






13 to 14 


56.5 


25.5 


13 6 


12 


4 


14 to 15 


58. 


26 


14 5 


22 


6 


15 to 16 


60.5 


28 


15 6 


19 


3 


16 to 17 


61.5 


28.75 


16 5 


26 


4 


17 to 18 


63.875 


30 


17 5 


26 


3 


Total 


105 


20 



The observations of Danson, of Dr. Harrison of Preston, cited by 
Aitken, and those of Ross and Rolston on English training-ships, agree 
in the main with those given in the above table. It will be observed from 
the table that the height from 13 to 18 years increased 7f inches, that 
the average chest measure within the same period rose 4|- inches, and 
that the increase is more rapid from 13 to 15 than from 16 to 18. Upon 
physiological grounds, the necessity for a determination of what may be 
considered " of sufficient health and strength " becomes obvious. The 
growth of the skeleton involves the growth of the muscles; muscular 
growth involves movement and work; growth and work demand increased 
nutritive action ; and these involve the circulation and respiration, with 
increased vital capacity. The only approach to any physical description 
of the merchant seaman is found in the shipping articles, a written con- 
tract for service, wherein his name, birth-place, height in feet and inches, 
complexion, and hair are noted. Nowhere is it directed that the mer- 
chant sailor shall be examined as to his physical fitness to perform his 
arduous duties afloat, and the records of marine hospitals exhibit the con- 
sequence of this neglect in the cases of phthisis, chronic rheumatism, car- 
diac diseases, chronic diseases of the skin, etc., which have occurred 
among this class of men; and these records also show instances where 
men, so far advanced in years as to be almost helpless, have been shipped 
and then transferred to the hospital wards. A vessel, no matter how 
well built, how grandly furnished, how well found in every particular — 
perfect it maybe in all that relates to model or equipment, cannot be con- 



184 



HYGIENE OF THE 



sidered secmorthy unless her crew is physically competent to manage her 
in any emergency. Courage and daring, the strong hand and brave heart, 
belong to healthy men, not to those who are sick. Given such a vessel, 
what becomes of her in a gale, manned by the aged, broken-down, and 
infirm ? The wrecks on the approaches to New York can answer. 

There is a military as well as a financial necessity for the physical ex- 
amination, registration, and enrolment of our seamen. As our commerce 
increases, so increases the necessity for skilled labor in this occupation. 
The risks of valuable cargoes and still more precious lives — sources of 
wealth to the country — should not be placed in unsafe hands. If ever a 
foreign war should occur, it would seriously threaten these growing 
streams of revenue, and would be likely to drive our carrying trade from 
the seas. In view of such a possibility, it would appear to be a wise 
policy, even a duty, for the State to foster this trained industry, in order 
that in the hour of its need it may call upon these skilled men for its 
protection and maintenance. To-day, were such a danger threatening our 
growing commercial prosperity, our only resource would be to man our 
vessels by impressment, thus returning to the barbarism of the press-gang. 

In the naval service, any person presenting himself for appointment or 
enlistment is physically examined, and, if not found qualified by the 
medical officer or officers, the appointment is not approved, or, if for 
enlistment, the recruit is rejected. No person can be enlisted or received 
as an apprentice under IG years of age, the term of service ending upon 
the arrival at 21 years of age. Sailors in the service are classified by 
three divisions : 

1st. Landsmen — those who have never before been at sea, or who are 
not expert or skilled enough to be ordinary seamen. 

2d. Ordinary seamen — those who have been at sea, and are not as ex- 
pert or skilled as 

3d. Seamen, or those who understand the management of ships in 
navigation. 

The naval regulations provide that no one is to be enlisted as a lands- 
man who is over 25 years of age, unless he has some mechanical trade, 
nor over 34, without authority ; an ordinary seaman must have been 
two years at sea ; a seaman four years, and must pass a satisfactory 
examination. In steamers, the requirements for a fireman are a knowl- 
edge of the use of smiths' tools and ability to manage fires with different 
kinds of fuel. Coppersmiths, boiler-makers, and machinists must be not 
less than 20 nor more than 40 years of age, with some knowledge of 
their respective avocations. The applicant for enlistment, on presenting 
himself, must be sober and clean. He declares, or not, as the case may be, 
after explanation of a certificate of physical examination, that he is not 
subject to fits, stricture, internal piles, or any disease that he is aware of 
or likely to inherit ; that he is not suffering from the consequences of any 
former disease or hurt; and that he knows of no reason why he should not 
be enlisted. The medical examiner signs a descriptive list of the physical 
condition of the applicant, embracing name, date, and place of birth, 
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complexion, hair, eyes, and other personal characteristics, with such facts 
regarding former place of residence, occupation, and family history as can 
be obtained. To these are added the more important items of physical 
measurement. Thus, after the age in years and months, the weight in 
pounds, the height in feet and inches, as well as the height from vertex 
to perineum, are noted. The mean circumference of the chest, with its 
expansion in inches, the vital capacity as determined by a spirometer, the 
range of vision according to Snellen's standards,and the ability to recog- 
nize the ordinary colors used in signalling, are also registered. The 
instructions for the government of medical officers of the navy thus 
detail the method of physical examination : 

General Surface. — Applicant, entirely nude, to stand erect before the examiner in 
a broad light, and present front, rear, and sides successively. Note retarded develop- 
ment, deformity or asymmetry of body or limbs, knock-knees, bow-legs or splay-feet, 
curvatures of spine, feeble constitution, strumous or other cachexia, emaciation, 
cutaneous or other external disease, tumors, cicatrices, evidences of variola or vaccina- 
tion, etc. 

Extremities and Articulatiom. — Applicant to present dorsal and palmar surfaces of 
both hands ; to flex and extend every finger ; to grasp with the thumb and forefinger 
and with the whole hand ; to flex and extend, pronatc and supinate wrists and fore- 
arms ; to perform all the motions of shoulder-joints, especially circumduction ; to 
extend arms at right angles to body, and then bend elbow and touch the shoulders 
with the fingers ; to elevate extended arms above the head, palm to palm, then dorsum 
to dorsum ; to evert and invert feet ; to stand on tiptoe, coming down suddenly, and 
then lifting toes from ground ; to flex each thigh separately upon the abdomen, and, 
while standing upon one leg, to hop with each foot ; to perform all the motions of the 
hip-joint, and to walk backward and forward slowly and at double-quick. Note any 
disability of extremities or articulations, from any cause. 

T/iornx. — Note the effects of these violent exercises on the heart and lungs ; ob- 
serve movements of chest during prolonged inspiration and expiration ; examine by 
auscultation and percussion, front and rear. Note incipient phthisis or cardiac disease. 

Abdomen, Groins, and Genitals. — With hands on the liead, and chin up, applicant to 
cough violently. Note relaxation of umbilical and inguinal regions, hernia, concealed 
venereal disease, varicocele, orchitis, etc. 

Spine and Perineum. — Applicant to bend forward with knees stiffened, feet wide 
apart, hands touching the floor, and nates exposed to strong light. Note haimorrhoids ; 
prolapsus ; fistula. While stooping make firm pressure on each spinous process of the 
vertebra. Note spinal tenderness. 

Head, Face, and Neck. — Motions of the head, neck, and lower jaw. Cranium. — 
Note depressions, cicatrices, malformations, etc. Ears. — Note polypi, otorrhoea, dul- 
ness of hearing. Eyes. — Note absence of cilia, obstructed puncta, corneal opacities, 
adhesions of iris, defective vision, color-bUndness, etc. Nose. — Note polypi, oza^na, 
chronic nasal catarrh. Mouth, teeth, tongue, fauces. — Note hypertrophied tonsils, im- 
pediments of speech, syphilitic affections. The intelligence of the appliwmt will be 
evident from the character of the replies to inquiries respecting former residence, 
occupation, family history, etc. The age of the applicant must be constantly kept in 
view in determining the standard of physical qualifications. 

The whole object of the examination is to secure for the naval service 
active and able-bodied men. Some few practical hints may serve as helps 
in this matter of physical inquiry. Men of average height, with long 
bodies and short legs, have most endurance; those over the average height 
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should be carefully scrutinized. The between-decks of many ships does 
not permit men over the average stature to walk upright. The thin, as 
well as the obese, have but little endurance. Long-armed men do well at 
the guns as spongers and loaders; short and stout men at the handspikes; 
choose men of good intelligence for captains of guns' crews; light and 
active men do well as topgallant and royal-yard men. In examining men 
for the engineer's force, regard must be had to the high temperatures to 
which they are exposed. Coal-heavers should be muscular, as the work 
demanded of them when on watch, measured in foot-tons, is enormous. 

It is apparent that this examination secures to the service a class of 
men whose bodily frames are unexceptionable. It would appear to follow 
from this fact that the sick and death rates would be low. The reverse is 
the case; the sick rates of such a picked class of men are high, and its 
cause is defective sanitation, or rather, no sanitary code whatever. 



SECTION III, 

AIB. 

The earth is surrounded by a gaseous envelope, extending from 45 to 
50 miles above its surface, called the atmosphere or air. 

This envelope presses on the earth's surface with a force equal to 
14.75 lbs. to the square inch, is unvarying in its composition, is a mechani- 
cal mixture, obeys the laws of all gases, and is indispensable to the main- 
tenance of animal and vegetable life. In its average constitution the 
ingredients of the atmosphere appear to be in the following proportions : 

Oxygen 20.61 

Nitrogen 77.95 

Carbon dioxide 04 

Aqueous vapor 1.40 

100. 



Some of the accidental ingredients are traces of nitric acid, ammonia, 
and, in the air of cities, hydrogen sulphide and sulphurous anhydride. 
The most important of its contaminations, however, to the student of 
hygiene, is organic matter. The temperature of the air at the surface of 
the earth varies with the latitude, and the lines of equal temperature 
around the globe, north and south of the equator, are known as isotherms. 

Humboldt estimates the mean equatorial temperature of the air to be 
81.5° F., that of the thermal equator to be 84.5° F. On the open sea the 
air never attains a temperature of 87,8° F, The temperature of the sea 
seldom rises to 86° F, ; and it is stated that at no place on the earth's sur- 
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face, in any season, will a thermometer at from six to nine feet from the sur- 
face, and sheltered from all reverberation, attain a temperature of 114.8° F. 

Carbon dioxide, — It is important to remember that it exists in the 
atmosphere in a normal proportion of 4.15 volumes in 10,000. It may be 
as low as three and as high as six volumes, according to De Saussure, and 
still be within a normal range. The amount is increased at night, dimin- 
ishes towards sunrise, is less over the sea than over the land, is greater 
according to the relative humidity of the air, and less after a rain, is in a 
greater proportion in cities than in the country, and is greater in dwell- 
ings and crowded places. 

The amount of aqueous va^yor which can exist as such in a given 
quantity of air depends on the temperature. Thus, the dryness of the 
air is doubled with every increase in temperature equal to 27° F., and in 
like proportion for the intermediate degrees. At 

S2° F., air is capable of holding part of its weight of water; 
59° F., " " " " 

86° F., " " }^ " " 

so that, as the temperature advances in an arithmetical series, the solvent 
power which this gives the air is increased in a geometrical ratio. 

Organic matter. — Moscati, in 1818, condensed from the air of a hospi- 
tal ward, at Milan, the organic matter, and describes it as " slimy and 
having a marshy smell." Candido, in 1853, at Rio Janeiro, condensed, by 
means of a freezing mixture of ice and salt, the air of a room into a 
liquid, and, by treating this with lime-water in the presence of sunlight, 
obtained ammonia as the result of the decomposition, thus chemically de- 
monstrating the presence of organic matter; whilst the late researches of 
Prof. T3'iulall have physically exhibited the presence of organized matter 
in the general atmosphere. 

The sailor livina: at the sea-level is removed from the affections inci- 
dent to altitudes, as well as from those dependent upon a constant or 
steady increased barometric pressure, and he is also in a measure re- 
moved from the disease-producing causes incident particularly to soil. 
Beyond that distressing affection, sea-sickness, which appears to be the 
result of the very small oscillations in the column of the blood, induced by 
the minute changes in the aerial pressure from the rising and falling of 
the ship by the action of the waves, but few effects have been described 
that are due to the variations in the height of the barometer. The suc- 
cess of such vessels as those designed by Bessemer for the transportation 
of passengers from Dover to Calais may serve to determine the correct- 
ness of the above idea as to the cause of nausea marina. 

Observations upon the effect of temperature, however, demand more 
consideration. Exposure to cold and damp is the most potent factor in 
the production of scurvy, and crowds the lists of sick with pneumonias, 
catarrhs, acute rheumatism, frost-bites, etc., and aggravates all venereal 
affections. A clean, dry forecastle or deck-house, warmed by a stove in 
cold weather, and a change of dry clothing after exposure to cold and 
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damp, are the evident hygienic measures to be resorted to under such cir- 
cumstances. Rapid change from the winter of a temperate climate to 
the tropics does not appear, from the writer's observations, to be attended 
with any immediate effect upon the body. The effects of acute exposure 
to high temperatures are shown more particularly in predisposing to 
tetanus and inducing insolation or sunstroke. This last affection has 
frequently been observed on shipboard, where overcrowding and impure 
air add their death-producing influences to excessive heat. Sunstroke 
has been known to occur in passenger vessels cruising through the Red 
Sea in August and September. Bassin reports that in 1823, in the 
" Lynx," cruising off Cadiz, 18 cases occurred in a crew of 78. The 
vessel was overcrowded, and the temperature of the air is given at 35° 
C. (95° F.). Boudin reports that on the " Duquesne," in the harbor of 
Rio Janeiro, 100 cases occurred in a crew of 600. 

MacLean ascribes sunstroke to the effects of a high temperature, night 
and day, on men unsuitably clothed and breathing the vitiated air of 
ships, and also notices its frequent occurrence at night when men are in a 
recumbent position. Heat-exhaustion frequently occurs among the men 
composing the engineer's force on shipboard, and is marked by profuse 
sweating, clammy skin, a rise in the temperature of the body, increase 
in the number of respirations and beats of the pulse, with nausea and 
vertigo. 

As an illustration of an extreme case, I give the following memoranda 
from my note-book : China Seas — Midnight — Fire-room temperature, 
152° F. Body temperature, 98.4° F. Pulse, 69. Respirations, 18. 
After remaining perfectly quiet in the centre of the fire-room for 45 
minutes, the body temperature rose to 103.0° F., the pulsations were 
increased to 180, and the respirations to 42, when nausea compelled the 
medical officer making this experiment to leave the fire-room. At 1.30 
A.M., the body temperature was 100.2° F., the pulse 144, and respirations 
30. The body temperature was taken under the tongue, to which locality 
the thermometer was passed quickly from a glass of water at 99° F., so 
that the temperature of the fire-room was not allowed to affect the 
instrument. 

The effects of a prolonged exposure of crews to tropical temperatures 
is shown by their lowered vitality, an anremic condition, sallow com- 
plexion, general enervation and depression. This condition and its cause 
were known to the Father of Medicine, and described by him in Sec. 5, 
Aphorism 10: "Excess of heat induces debility of the muscular fibre, 
impotence of nerve, torpor of mind, haemorrhage, fainting, and death." 
That there is also a tendency to hepatic disturbances of various characters, 
a reference to the works of Martin, .Johnson, Dutroleau, Lind, and many 
others, will demonstrate. That there is a loss of muscular power and 
bodily vigor from extended cruises in hot climates can readily be deter- 
mined by the sick reports from vessels of all navies. 

The long-continued exposure to tropical heat of those born in tem- 
perate climates involves the interesting study of "Acclimation." Some 
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study and observation lead the writer to believe that there is no such con- 
dition as acclimation, as it is generally understood, or at least, that within 
historic times no example can be adduced. There is, however, an accom- 
modation, as Aitken has termed it — a pliancy of constitution, according- to 
Nott; a power of adaptation, which is a variable quantity for each indi- 
vidual. The range is greater in males, less in females; is still further re- 
duced in their children; does not exist in a second generation, for it 
would be an extraordinary thing to find the grandchildren, descended 
from a grandfather who was born and brought up in a temperate zone, 
living continuously within the tropics. The average duration of life is 
shortened in Bengal and Jamaica, according to the exhibit of life insur- 
ance tables. Englishmen do not become acclimated in India, nor French- 
men in Algeria. It is, as Buckle states, that " in the tropics, man brought 
under the presence of Nature, if not indigenous, succumbs." I am per- 
suaded to believe that the nearer the approach, in his adopted country, to 
the same climatic phenomena (for instance, under the same isothermal 
lines) that characterize his native home, the greater will be the range of 
the power of adaptation; and more particularly am I led to believe that 
the nearer the approach of the ethnic affinities of the foreigner to those of 
the indigenous race he remains among, the more readily does his 
" physique " become adapted to the physical surroundings, but never 
absolutely and entirely. 

There is no acclimation for malarial fevers. 

Of the influences on the body of exposure to high artificial temperatures 
we have more exact data. It is recommended by Obernier, of Bonn, that 
when the thermometer marks 86° to 88° F. in the shade, all exercises of 
men in masses must be arrested; and this finds a hygienic application in 
steamers, where the temperature is often at that height, especially when 
steaming in the tropics. I do not possess any data of the temperatures 
of the engine- and fire-rooms of sea-going merchant steamers.' There is a 
reluctance in the giving of any information upon these subjects, not only 
in the merchant marine, but in all navies, and one is compelled to judge of 
the antecedent conditions by the results as found in hospitals. The con- 
dition described by Levick of Philadelphia, and known as the " fireman's 
heart," indicates at once the cause and locality of diseased action. Indeed, 
we can readily predict, from the known physiological effects of high tem- 
peratures, the pathological phenomena that must necessarily occur. This 
affection is described as an atonic condition of the heart, and is a direct 
consequence of the exposure of men to high temperatures in the engine- 
and fire-rooms, I think it will be found that here Nature demands her. 
compensation from man for wresting steam from her grasp and rendering 
it subservient to his uses, and also that in the future, affections of the 
circulatory system will be found first in the list of diseases of seamen. 
In naval vessels of the " monitor " pattern the temperature of the en- 

' The engine- and fire-rooms of merchant steamers are more favorably arranged than 
in naval vessels, where protection of the machinery from shot and shell is considered 
the desideratum. 
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gine-room is known to be excessively high. I can find no record of fire- 



room temperatures. As examples the following memoranda, copied from 
the steam logs of the vessels named, are cited, and are official in character: 

Engine-room Temp. Deck Temp. 

Dictator 10G° to 115° F. 68° to 84° F. 

Canonicus 95° to 114° F. 34° to 6G° F. 

Saugus 156° F. 82° F. 

The above-named vessels are " monitors." 

Tennessee 100° to 165° F. 68° to 84° F. 

Trenton 95° to 110° F. 64° to 66° F. 

Hartford 112° to 130° F. 74° to 83° F. 

Ranger 112° F. 82° F. 

Alert 104° F. 73° F. 

Monongahela 109° F, 82° F. 

Swatara 108° to 165° F. 77° to 90° F. 

In the last-named vessel the mean for the second quarter 187 — was: 
Engine-room 112.7° F. Deck, 76° F. 



The above-named vessels are propelled by sail and steam. In vessels 
with side-wheels of the double-ender pattern, such as the " Monocacy " and 
" Ashuelot," the temperature was: 

Engine-room. Deck. 

Monocacy 88° F. 62° F. 

Ashuelot..... 84° F. . 69° F. 

The exposure of the engine-rooms will account for the approach of 
their temperatures to that of the external air. The^re-roo>>^ temperatures 
of these vessels must be far in excess of the high temperatures of the en- 
gine-room. The writer has a few memoranda of the fire-room temperature 
of a single vessel. The average temperature at which the firemen and 
coal-heavers worked was 167° F., with an average external temperature of 
84° F. The highest recorded temperature in this series was 181° F., with 
the external air at 86° F., and the lowest was 149° F., with an external 
temperature of 82° F. In one instance the temperature of a thermometer 
encased in wood was 198° F. This reading of the instrument was wit- 
nessed by several officers. 

The air of the holds of ships frequently becomes heated. The writer 
has observed this fact repeatedly: that, when distilling water for ship's 
use, the water was delivered into the tanks at temperatures varying from 
98° to 104°. Water thus heated, as it cools is apt to absorb any injurious 
elements in the surrounding atmosphere. At any rate, the hold becomes 
warmed up to these ranges of temperature, which are most favorable 
to decomposition and to the growth of septic vegetable and animal 
organisms. 
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Becker has shown that a rise of I'' F, in the temperature is attended 
"vvith a rise of -g^^ of a degree of the body temperature, and it follows that 
a rise of 20° F. in the external temperature would increase the body tem- 
perature 1°. Now, a rise of 1° in temperature has its mechanical equiva- 
lent in 772 foot-pounds. Again, as the mean daily internal work of the 
body, principally performed by the heart, is, according to Haughton's 
observations, 273,280 foot-jDounds, it is easy to calculate the additional 
work imposed upon the heart by these increased temperatures. This 
would represent an actuality. It would be further increased were we 
to take into consideration the law of cooling, that is: "that the total 
amount of heat given out by a heated body is in a ratio to the elevation 
of temperature above the temperature of equilibrium towards which it 
tends." All these conditions, so materially affecting the health of the 
sailor, demand amelioration in a very great degree. It is believed by the 
writer that a better ventilation of the engine- and fire-rooms will be of 
benefit to those working under such high artificial temperatures. The 
engineer's force in our naval vessels is generally divided into three parts 
or watches. The force should be divided into four parts, for the follow- 
ing reasons, which have their foundations in experiment and observa- 
tion: 

1st. That at rest the increase of the external tem2:>erature is attended 
by an increase in the body temperature, and this is mechanical work 
chiefly imposed upon the heart. 2d. That at work, to the above increase 
must be added the amount of bodily work performed. 3d. That as the 
heart is a muscle, increased movement brings it, like all muscles, under 
the law of fatigue. 4th. That the fatigue of the heart is principally 
evidenced by functional disturbance, such as palpitation, etc., and it is a 
well-decided pathological law that " long-continued functional disturbance 
produces organic lesion." 5th. That bodily rest — physiological rest, in 
the open air, is, as is well known to every physician, of extreme value in 
all affections of the cardiac viscus. 6th. That every degree of rise in the 
body temperature is indicative of a corresponding decline in that nervous 
control which regulates the functions in health. The slowness with which 
the heart resumes its normal action after exposure to high temperatures 
is evident in the details of the fire-room experiment. As these men are 
enrolled under special provisions, they should not be called upon for any 
duty outside their vocation. There is a physiological, and consequently a 
hygienic necessity for this. It is no uncommon thing in vessels propelled 
by sail and steam to have all the engineer's force, not on watch, engaged 
in pulling and hauling on sheets and halyards on deck, only to go below 
and take up their work in the engine- and fire-room when the watch is 
changed. It is all wrong, no matter from what standpoint it may be 
viewed. After a watch they should not be disturbed except in cases of 
great emergency. 

Statistics furnish additional evidence in regard to the moft)iflc effects 
of high temperatures. Thus, on a scale of 100, for the last half of the 
year 1875, there were admitted to the sick report of a naval vessel: 
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Of the engineer's force 156 

All officers and others 94 

In 1876: 

Of the engineer's force 161 

All officers and others 165 

In 1877: 

Of the engineer's force 168 

All officers and others 140 



The first six months of the cruise were spent in sailing and steaming 
to the station, 1876 was spent on the station, and 1877 partly on the 
station and partly in sailing and steaming home. 

Carbon dioxide. — The normal amount of carbon dioxide, as has been 
observed, is 4.15 volumes in 10,000 of air, and an increase to six volumes 
may be considered as the limit consistent with health. The quantity of 
this gas existing in the atmosphere has been taken under certain condi- 
tions as the measure of the really important impurities of the air, and a 
sojnewhat extended experimental research in this direction by the writer 
leads him to assert with Billings, " that it is about the only available test 
for this purpose." According to Pettenkofer, an adult male at rest gives 
off about 0.7 of a cubic foot of dioxide per hour, with a proportionate 
amount of organic matter. It may be considered, however, to be about 
eight cubic inches for each pound of body weight, or 0.6+ cubic feet 
per hour, according to more accurate observations. From the numerous 
experiments of medical officers of the navy, made under official regula- 
tion, the amount of gaseous impurity of the air on our national vessels is 
found to exceed by many times the limit assigned as consistent with 
health. The amount of carbon dioxide, at various times on board of 
different naval vessels, has ranged from 11.8 to 39.1 volumes in 10,000 
of air. Now, a single person in one minute of time, at rest, and breath- 
ing normally — i. e., 20 respirations, with 20 cubic inches of air per 
minute for each inspiration — will vitiate 50 cubic feet of normal air, and 
it requires but little calculation to demonstrate that there is not for any 
one instant of time air normal in quality on the lower decks of our national 
vessels. This matter is rendered more decidedly evident, when it is con- 
sidered dynamically, for a man at icork exhales more CO2 than when at 
rest. Pettenkofer and Voit found that a man weighing 60 kilos at rest 
gave off 911.5 grammes of CO2 in 24 hours, and during exertion 1284.2 
grammes. Edward Smith found that an individual during sleep exhaled 
about 19 grains CO2 every hour, and when he walked three miles an hour 
the amount was increased to 100.6 grains. Scharling says that about one- 
fourth less CO2 is exhaled by an individual when asleep than when awake. 
The amount exhaled is also increased by moist air up to a certain degree 
and diminished by an increased temperature. The apparatus used in the 
naval service for estimating the amount of carbon dioxide in the air con- 
sists of the following articles: — 
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Two glass jars, cubic capacity marked in cubic centimetres. 

India-rubber stoppers, and sheet india-rubber to tie over neck of jars. 

Glass measure graduated to 60 c.c. 

One Mohr's burette, GO c.c. graduated into tenths. 

Glass rods.' 

Glass bottle of one litre capacity. 

Bottle containing papers of crystallized oxalic acid of 2.25 grammes each. 
Bottle containing litmus or turmeric paper. 

A small bellows, or, in its absence, a Davidson's syringe may be used. 
Lime-water and distilled water. 

Directions: Pettenkofer'.s method is to be followed. For those not 
familiar with it the following process, extracted from Wilson's Hand- 
Book of Hygiene, is recommended: 

The analysis depends on the relative alkalinity of lime-water before 
and after it has absorbed the carbonic acid in the sample of air examined. 
2.25 grammes of crystallized oxalic acid are dissolved in 1 litre of distilled 
water; 1 c.c. of this solution exactly neutralizes 1 milligramme of lime, 
and hence the amount of lime in a given quantity of lime-water can be 
determined by adding the solution of oxalic acid until the point of neu- 
tralization is reached. The amount of oxalic acid required for neutrali- 
zation expresses the alkalinity of the lime-water. If the alkalinity of the 
lime-water be known before and after it has absorbed the carbonic acid 
in the air contained in the glass jar, the difference will give in milli- 
grammes the amount of lime which has united with the carbonic acid, 
and the amount of the latter is obtained by calculating according to the 
atomic weights. 

The jar should be perfectly clean and dry. The air to be examined 
is forced into the jar by a pair of bellows, or a bellows-pump may be 
used. In either case the nozzle should reach the bottom of the jar. 
After the jar has been filled, GO c.c. of lime-water are introduced, the 
mouth of the jar closed by the stopper, and the stopper secured by a 
tightly fitting india-rubber cap. The jar is then well shaken so that the 
lime-water is made to thoroughly wash the contained air, and afterwards 
it is left to stand at least eight hours and not more than twenty-four; 
GO c.c, are introduced in order that 30 may be taken out for analysis. 
Thirty cubic centimetres of lime-water are poured into the graduated 
glass and its alkalinity determined by the test-solution. Then 30 c.c. 
are taken from the jar and the alkalinity also determined. The differ- 
ence is doubled to account for 30 c.c. left in the jar, and the product 
gives the amount of lime which has combined with the carbonic acid. 
The amount of the latter is obtained by converting weight into volume 
according to the atomic wcight.s, and in one sum by the factor .39748-1-. 

The following rule will simplify the calculation : Multiply the differ- 
ence between the alkalinity of the lime-water, before and after it has been 
placed in the jar, by 705 and divide this sum by the number of cubic cen- 
timetres in the jar, minus 60. The result will be the ratio of carbonic 
acid per 1,000 volumes. 

A correction must be made for temperature, according as it is above 
Vol. II.— 13 
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or below the standard of G2° Fahrenheit. As the coefficient of expan- 
sion of air is ,0020361 for every degree of Fahrenheit, the rule for correc- 
tion may be stated with sufficient accuracy thus: For every 5° Fahrenheit 
above 62^ add 1 per cent, to the amount of carbonic acid calculated as 
above, and deduct the same percentage for every .5° below 62°. 
The formula for the correction for pressure is as follows: 

30 : observed height of barom. : : capacity : z. 

The result expressed by z is substituted for the actual capacity of the 
jar in the calculation for carbonic acid. 

Organic matter. — The amount of organic matter, the most important 
of the aerial impurities given off from the skin and lungs, has never been 
accurately determined, and its correct estimation is still a desideratum. 
It is known to be made up of epithelial scales, fatty matters, etc., from 
the skin, and organic matter in the form of vapor from the lungs. The 
organic matter from the lungs blackens sulphuric acid, decolorizes a solu- 
tion of potassium permanganate, reduces a mixture of potassium bichro- 
mate and sulphuric acid, gives a reddish black color to a solution of silver 
nitrate, and renders water offensive after standing. It is decomposed .by 
caustic lime in the presence of sunlight, and yields ammonia. The ob- 
servations of the writer lead him to believe that it is in combination with 
the watery vapor existing in the air, for with the increase of the latter 
the organic matter appears to be increased. It is not a gas, but is molec- 
ular in its constitution. It is absorbed by woollen fabrics and collects in 
the damp on walls. Color influences its absorption, black absorbing the 
most, and blue the next largest amount. No absolutely trustworthy 
method of estimating quantitatively the amount of organic matter, either 
in air or water, has, in the opinion of the wi'iter, yet been devised. All 
the methods so far presented for the use of working sanitary observers 
are based upon the estimation (by the Nessler solution) of the free am- 
monia and of the albuminoid ammonia resulting from the destructive de- 
composition of the organic matter. The writer has also to state that, 
from an experience of some years with Nessler's solution, he doubts the 
accuracy of any quantitative estimation of organic matter based upon this 
method. Its extreme sensitiveness, as well as its dt^pendoncy upon the 
varying estimate of the shades of color, renders it at all times question- 
able. It appears from the observations of Dr. C. B. Fox (1878) upon 
this method, that the experimental error is increased even by washing the 
necessary apparatus with distilled water, and he has an average error for 
his own laboratory. This alone brings this test into uncertainty. At the 
present time — and the writer expresses the opinion of a number of chemi- 
cal friends as well as his own — the Nessler test is worthless for quantita- 
tive estimations. For qualitative examinations of organic matter, th*; 
extreme delicacy of the test renders it invaluable. 

3Ioisture. — " A damp ship is an unhealthy ship." The universal ob- 
servation of medical officers of all services for over a century has rendered 
the above statement axiomatic. Yet in an experience of twenty-five years 
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the writer cannot recall, eitlier from memory or from memoranda, a dry 
ship. Air is dry or moist, not in proportion to the amount of water which 
it contains, but according as it is more or less removed from saturation. 
This degree of saturation is expressed by the term relative humidity, and 
is usually represented numerically — saturation being taken as 100. Ac- 
cording to Levy, the average normal relative humidity of the air is 72. 
The capacity of air for moisture depends upon the temperature, as has 
been previously mentioned. The observations of the writer upon the 
relative humidity of the air of naval vessels commenced in 1855, and were 
abruptly and arbitrarily terminated, through ignorance, by order during 
his last cruise on the Asiatic station. On an average the air of the lower 
decks is always of a greater relative humidity than that of the spar-deck 
or open air. This is an unavoidable result when it is considered that the 
routine of naval vessels directs either scrubbing, washing, clamping, wip- 
ing-up, or holystoning of the decks every day in the week. This constant 
wetting is now ostcnsil^Iy left to the discretion of the commanding officer, 
but was formerly left to the caprice or opinion of some subordinate or 
petty officer, wlio had fallen heir to this legacy of Von Tromp, of wet 
decks, but who had not the gallant old Hollander's excuse for making the 
vessel as much as possible like his home with its dikes. 

From the skin and lungs of a person at rest there is exhaled, in the 
24 hours, from 20 to 30 ounces of water. To maintain this amount of 
water in a state of vapor requires about 211 c. feet per hour, at the ordi- 
nary temperatures and pressure. This necessary amount is modified 
by the temperature and the hygrometric condition of the air. At work, 
about G8 ounces arc given off, or about 1,2-40 grains per hour. 

Lehmann's observations demonstrate that the weight of carbonic acid 
excreted is increased in a moist atmosphere, and that the effect of a high 
temperature is to diminish the exhalation of COo fi'om the lungs. Now, 
the influences of moisture is so great that, at high temperatures, it neutral- 
izes the effect of such temperature in diminishing the elimination of car- 
bon dioxide. Again, as a general rule, the expired air is saturated with 
moisture, so that when the temperature of the air comes to be the same as 
that of the body, and saturated, no exhalation of aqueous vapor from the 
skin or lungs is possible, and consequently there is retained within the 
body this water and the excrementitious matters which the}- eliminate. 
It is evident that life cannot be jirolonged in such an air at a temperature 
between 90'' and 100° F. It is also evident that the normal exhalations 
are more than sufficient to render the air in the cubic space allotted to eacli 
person on board ship saturated, without having recourse to any artificial 
means. Few constitutions can or do resist the evil effects of constant 
dampness, and it is not at all a matter of surprise that the average dura- 
tion of the life of a .sailor has been given as twelve years, and that about 
17,000 of our seamen die or are physically disabled every year. The 
wonder is that the rate is so low under such physical surroundings. The 
natural humidity of the air at sea on board ship should never be supple- 
mented by artificial means to render it saturated. 
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For tlioso wlu) may desire some few data for guidance in these matters, 
it may be stated that a relative humidity should not vary much from 70 
to 75. The difference between the wet and dry bulb thermometers should 
not be less than 3° or 4° F. Briggs, the best authority on atmospheric 
moisture, assigns 70° as the relative humidity best consistent with health. 
The air over the ocean has always a greater degree of relative humidity 
than over the land, and varies slightly in summer and winter. The 
range has been determined to be from 70 to 75 (saturation = 100). The 
less also the cubic air space per man, the greater becomes the relative hu- 
midity of the air. The point of comfort of the external temperature has 
been variously assigned, but the range is from 58° to 68° F. 

All medical officers are agreed upon the disease-producing effects of 
humidity. Fox says that, with a temperature of 80° F., air of excessive 
humidity becomes injurious. Blane states: "We may, therefore, con- 
sider it as an ascertained truth of the utmost importance, that moisture, 
whether adhering to clothes or to the sides and decks of ships, or floating 
in the air, is pernicious to health, and that one of the principal means of 
preserving health consists in obviating it;" and further observes that 
"the decks should not be washed so often when the weather is moist 
as when it is fair, as it will be more difficult to dry them, and more harm 
may arise from the moisture than benefit from the cleanness." Turnbull 
says: "Moisture acting more powerfully than any other cause in the pro- 
duction of disease, as well as in the propagation of it, our first care was 
to endeavor to remove all humidity and foulness of the air." In 1793, 
Clark, in writing upon the diseases of long voyages, remarks: "The dis- 
eases occasioned at sea by heat united with moisture are fevers and 
fluxes;" and, when treating of the means of obviating the ill effects of 
heat, coldness, and moisture, he recommends, in the conclusion of his 
article, " to dry up all moisture by placing stoves in various parts between 
decks." Welch, assistant professor of pathology at Netley, in the Alex- 
ander prize essay, says: "The main deleterious property of the general 
atmosphere is moisture." Again, speaking of the excess of watery vapor 
in the air: "According as it approaches saturation, it [i. e., the air) tends 
to impede the exhalation from the lungs and favors congestion. Beyond 
this, also, the intimate connection between organic matter and hygro- 
metric bodies must not be. forgotten." 

Simon, speaking of filth ferments, states that "they show no power 
of diffusion in dry air, but as moisture is their normal medium, currents 
of humid air can doubtless lift them in their full effectiveness," C. B. 
Fox remarks in the last edition of his book (1878) as follows: " Aqueous 
vapor possesses a powerful affinity for organic matter, and serves both to 
preserve and diffuse it." Again: "An excess of aqueous vapor has not 
only a depressing effect upon the nervous system, but it interferes with 
the pulmonary and cutaneous exhalations." " Humidity," says Pringle, 
" is one of the most frequent causes of the derangement of health." Fons- 
sagrives, the authority on naval hygiene, asserts that " a damp ship is an 
unhealthy ship." The researches of Rouppe, Kerauden, Raoul, Bourel- 
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Koncic're, and others all tend to exhibit the disease-producing influence 
of this aerial condition. Wagner, in his Manual of General Patholog}-, 
thus alludes to the moisture of the air: " Warm and damp air most im- 
pedes the radiation of heat from the body through the skin and lungs, 
causes exhaustion of the muscular and nervous systems, restrains respira- 
tion, diminishes the appetite, impairs the digestion, and increases the per- 
spiration." Sir Alexander Armstrong, the present head of the medical 
department of the English Navy, says: " There can be no more fertile 
source of disease among seamen, or indeed other persons, than the con- 
stant inhalation of a moist atmosphere, whether sleeping' or waking ; but 
particularly is this influence injurious when the moisture exists between 
n ship's decks, where it may be at the same time more or less impure, and 
hot or cold, according to circumstances." Trotter remarks, in his Medicina 
Xautica : " The nature of cleanliness is often misunderstood, and I know 
of nothing of that kind which is so much mistaken as the too frequent 
and indiscreet drenching the decks, and more especially those where people 
sleep, with water. By this means 1 have known dreadful sickness intro- 
duced, and I have known it removed by a contrary practice. It would 
be deemed extravagant to advance an opinion that the decks should never 
he washed, but I feel no reluctance in making a direct assertion that it 
were far better tluit they should not be toashed at all than with that want 
of discretion and precaution Avhich so generally prevails. It has caused 
the death of thousands." Guy, W. A., speaking of vessels like the " Cen- 
turion " and others of that date, describes them as " damp, filthy, and ill- 
ventilated," and the history of the cruise of the "Centurion " reads to-day 
like a romance. " In nine months her crew of 50G was reduced to 214," 
etc., from cold, damp, and scurvy. The health histories, however, of such 
vessels, as the " St. Jean d'Acre," " Neptune," " Caledonian," " London," 
" Renown," "Black Prince," and others in the English navy, and of some 
of our own, reveal the extent of this nuisance in deteriorating the health 
of the crews. 

Damp heat between decks aggravates yellow fever and is the great 
cause of disease in the West Indies, and it is an essential factor in the 
])roduction of all the miasmata. Amidst the diseases induced and ag- 
gravated by excessive humidity centrally stand those of the pulmonary 
organs, with phthisis and other wasting diseases of these tissues, and 
around them scurvy, rheumatism and its associated cardiac trouble, ab- 
scesses, felons, boils, and diseases of the subcutaneous cellular system are 
grouped. As to its bearing the relation of causation to wasting lung 
diseases or phthisis and scrofula, Alison, Baudelocque, Ransome, MacCor- 
mac, Carmichael, Bowditch, Buchanan, and others all bear testimony to 
vitiated and moist air as being the most important factor in their pro- 
duction. 

As has been stated, the cause of this excessive humidity on shipboard 
is the almost daily wetting of the decks, and it would seem natural that 
the arrest of th's should be within the range of preventive medicine. The 
writer believes that the wetting of decks should not be left to the discre- 
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tioii of any officer. Dryness and fresh air are as much matters for the 
consideration of the legislator as the food, clothing-, water, etc., of the 
sailor. It is known to be the most powerful of the disease-producing 
environments of the seaman. Prevent the cause, and disease is prevented. 
In the language of an able medical jurist, " Preventable mortality is 
criminal mortality, and so preventable sickness is criminal sickness." 

Contrast, on the other hand, the records of dry ships — few in number, 
for this evil of dampness is widespread in all navies — and mark the evi- 
dent result of the inspection. Collingwood's flag-ship, with a crew of 
800 men, kept the seas for more than a year and a lialf with never more 
than six on her sick-list. This low rate was secured by attention to 
dryness, ventilation, and a general care of the crew. Admiral Foote 
diminished the large sick-lists of the " Varuna," caused by excessive wet- 
ting of the decks, by abating the nuisance. Medical Director Maxwell's- 
suggestions, which were carried out, saved the crew of the " Powhatan," 
in China, under like circumstances. Admiral Boggs, when commanding 
the mail steamer ruiming from New York to Aspinwall, escaped malarial 
poisoning by keeping his cabin dry. Sir Gilbert Blane very early 
suggested that cleanliness and dryness were of importance in preserving 
the health of seamen. Trotter, when physician to the fleet of Lord 
Howe, rendered that fleet effective by his attention to dryness of the 
vessels, midst other sanitary measures. To use the words of Guy, " ho 
helped to organize victory " by placing in the hands of his gallant chief 
the living material of the fleet in a state of first-rate efficiency. The 
record of Captain Murray, R.N., of H. B. M.'s "Valorous," exhibits tho 
value of dryness on board ships beyond cavil or doubt: "That when, on 
his arrival in England, in 1823, after two years' service amid the icebergs, 
of Labrador, the ship was ordered to sail immediately for the "West 

Indies, he proceeded to his station with a crew of 150 men; visited 

almost every island in the West Indies and many of the ports in the Gulf 
of Mexico; and, notwithstanding the sudden transition from extreme 
climates, returned to England without the loss of a single man." He also 
adds " that every precaution was used, by lighting stoves between decks- 
and scrubbing with hot .sand, to insure the most thorough dryness. When 
in command of the ' Recruit ' gun-brig, which lay about nine miles from 
Vera Cruz, the same means preserved the health of the crew when other 
ships of war anchored around him lost from twenty to fifty men each; 
and although constant communication was maintained between the ' Re- 
cruit' and the other vessels, and all were exposed to the same external 
disease, no case of sickness occurred on board the ' Recruit.' " 

There is but one remedy for this excessive humidity of the air on the 
decks — Dryness of the Ship. 

The amount of watery vapor in the air is usually determined by tha 
wet- and dry-bulb tliermometers. When the readings of both thermom- 
eters are alike the air is saturated with moisture. Unless the air is 
saturated, the wet-bulb temperature is always above the dew-point, but is- 
below the dry-bulb temperature. All works on meteorology contain tho 
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tables necessary to the deteriniiiatiou of those conditions which arc depend- 
ent upon the indications of tlie wet- and dry-bulb thermometers. 

Ventilation. — The statutes cite that every vessel " carrying 100 or more; 
passengers shall have two ventilators for each apartment occupied by such 
passengers, one forward and one aft; such ventilators to have capacity pro- 
portional to the size of the apartments. If for 200 passengers, such capacity 
to be equal to a tube 12 inches in diameter, and in proportion for larger or 
smaller apartments. To rise four feet six inches above the upper deck. 
If other means to equally well ventilate are on board, this is to be con- 
sidered as complying with provisions of the statute." The essential object 
of all ventilation is the maintenance of the air, which fills the allotted 
cubic space, at sucli a degree of purity as to keep it free from danger to 
the health of those who habitually breathe it. Now, the limit of the 
degree of the impurity of the air, as determined by the amount of COj, 
has been demonstrated, and it has been shown that in vessels this amount 
is frequently doubled, and in some instances exceeds the limit by six 
times its range. It has also been demonstrated that the air of vessels 
generally approaches the limit of its saturation by aqueous vapor from the 
wetting of the decks, and that when these conditions appear, organic 
matter — the animal poison of the air — is also increased. In view of the 
fact that the lungs can only fulfil their function with regard to the blood 
when they receive a full supply of pure air, one would think that the 
ventilation of ships would long ago have been an accomplished fact. Yet 
to-day, as a rule, they are about as much ventilated as an uncorked bottle. 
The " windsail " is the usual means by whicli air is expected to be delivered 
to the lower decks; but, as this contrivance requires constant supervision 
and is considered to be of very little importance, it receives a very small 
amount of attention, and is even looked upon in some instances as a 
source of aniK)yance. Since the time of Sutton there have been in the 
naval service many men of the minute mental calibre of Sir John Duck- 
worth, ready to resist any attempt to improve the non-ventilation of ves- 
sels. Various methods have been proposed, since that obstinate brewer's 
time, for the free supply of fresh air to ships, among which may be men- 
tioned those of Edmund, MacDonald, Baker, Williams, Wittig, Kerauden, 
Villiers, Decante, Napier, the " ship's lungs " of Hales, Simon's bellows, 
lirindejonc's fan, De Sauglier's wheel, the automatic system of Thiers and 
Roddy, etc., etc. The writer believes in the system of extraction, by 
means of which the air is taken out of the vessel, and he is not aware of 
any better plan, for its simplicity, performance of all that is required of 
it, compactness, convenience, and general utility, than that known as the 
modified Napierian system. By this method every enclosed apartment 
can I)o ventilated thoroughly. Its essentials are a reversible blowing-fan, 
which serves to exhaust the air from a shaft having connections with 
every space in the vessel. The revolution of such a fan at once changes 
any column of air from a static to a dynamic condition. Starting with 
the fact previously stated, that the essential object of all ventilation is 
the; maintenance of the air in the given air-space at a normal degree of 
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purity, the writer abandons at once, for vessels, all calculations for the 
determination of the allowance per hour of air necessary to fulfil these 
conditions, believing that such a degree of purity can only be secured in 
such small spaces by an unlimited supply of pure fresh air, and that the 
means for securing such supply is a mechanical problem more readily 
solved for vessels than for dwellings 

Disinfection. — The air is the best of disinfectants, but its action in 
destroying certain of the molecular organic matters by which some dis- 
eases are disseminated, demands time. We possess, however, a class of 
substances which are capable of destroying, in a greater or lesser degree, 
more rapidly these organic matters. These agents may be said to act in 
two ways : 1st, by a process of rapid oxidation, which destroys the molecular 
constitution of the organic matter; and, 'Zd, by arresting any change in 
the original composition of this organized material. The first named are 
disinfectants proper; the second are known as antiseptics. 

Amongst the disinfectants, chlorine is the first and most powerful of 
the agents used to destroy all organic matter prone to decay. It can 
readily be generated by placing equal parts of chloride of sodium and per- 
oxide of manganese, mixed with water in a basin, and adding an equal 
quantity of sulphuric acid, or by adding hydrochloric acid to the peroxide 
of manganese in about the proportion of 1 lb. of the acid to ^ lb, of the 
oxide of manganese. On steamers, where the red oxide of lead is used 
for securing joints, the " red lead " may be substituted for the oxide of 
manganese. 

The evolution of nitrogen dioxide by the reaction of nitric acid on 
copper clippings, which, by its affinity for the oxygen of the air, becomes 
converted into nitrogen tetroxide, gives in this latter agent a very ener- 
getic disinfectant, which is considered to be the best adapted of all disin- 
fectants for use during yellow fever. It may be evolved by heating 1 oz. 
of copper clippings with about 4 oz. of dilute nitric acid. The yield from 
these quantities is about 421 cubic inches of the gas. 

Sulphur also is used as a disinfectant, and is best used placed upon 
well-ignited coals. The resulting sulphurous acid is a powerful reducing 
agent. Its action is directly the opposite of that of chlorine, for whilst 
chlorine exhibits a strong affinity for hydrogen, sulphurous acid has a 
strong affinity for oxygen, and as hydrogen and oxygen in the propor- 
tions to form water are essential to the molecular constitution of organ- 
ized matter, these agents act by their affinity for those substances. 

The so-named chloride of lime is efficient from the chlorine which it 
slowly evolves in the air. On shipboard its elimination may be acceler- 
ated by the use of acids; the vinegar from a pickle-cask can be used. 
When necessary, it is a useful addition to the ordinary whitewash used 
on shipboard, in quantities readily perceptible to the sense of smell. 

Nitrate of lead is said to be a most efficient disinfectant in bilgy ships. 
The ammonium sulphide sets free the nitric acid, which in turn fixes the 
ammonia ; the lead sulphide which results being insoluble, remains. 

Sidphate of iron, the ordinary commercial copperas, acts very much in 
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the same manner. It is a cheap and efficient disinfectant. As the ashes 
from coals contain sulphate of iron, the washings from them might 
be utilized in case of emergency. 

Heat and cold are the natural disinfectants and antiseptics. It is 
known that a great Jiumber of septic organic substances may be preserved 
indefinitely at or below the freezing-point, but with an elevation of tem- 
perature their liability to undergo change is renewed. As an instance of 
the long-continued " vitality " of septic organized matter, the writer 
refers co the case of the U. S. S. " Susquehanna," in 1858. Extreme dry 
heat destroys organic matter. A dry temperature of 140° is known to 
render vaccine matter inert. A dry heat of ^250° F. is the best method of 
disinfecting clothing and woollen fabrics, for at that temperature it de- 
stroys the septic power of organic matter, but does not injure the 
textures. A boiling weak solution of zinc sulphate should be used in the 
disinfection of soiled clothing that it may be necessary to preserve. 

Impure carbolic acid, with phenyl, cresyl, and other bodies of the 
series, is a good antiseptic. In fact, all of these substances mentioned as 
disinfectants and antiseptics are only supplementary agents to cleanliness 
a,nd air. 



SECTION IV. 

WATER. 

Water is one of the essential conditions of life. It constitutes from 
two-thirds to three-fourths of the body. The daily quantity of it neces- 
sary for the normal performance of the functions depends upon the 
amount discharged from the body, estimated usually at from 4|- to 5 
pounds per person, but subject to numerous variations. This amount, 
equal to from 72 to 80 fluid ounces, must of necessity be returned to the 
economy, and is so restored by drink or the water of foods. The allow- 
ance of water in the naval service is one gallon for each person daily; for 
each passenger and sailor in the merchant marine the statute provides 
three quarts per diem. In steamers provided with a distilling and con- 
densing apparatus for the purpose of furnishing potable water, the allow- 
ance is, for drinking purposes, unlimited. 

Water is usually carried on shipboard in large iron tanks of from 400 
to GOO and more gallons capacity. It was formerly the practice to lime 
or whitewash the inside of each water-tank, as it became empty, before 
refilling. This practice, so far as I am aware, has gone out of fashion. 
It should never be permitted. It has been observed by Medlock, that 
water containing organic matter, after passing through iron pipes, has 
the organic matter materially diminished. The action of the metal is an 
oxidizing one, converting the nitrogen in the organic matter into nitrous 
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acid, and in this manner breaking up the affinities of the carbon, hydro- 
gen, and oxygen. The same observer remarks that, by allowing water to 
remain in contact with a coil of iron wire for twelve hours, all traces of 
organic matter are removed, or it is converted from a soluble into an in- 
soluble state, and in this condition is capable of being removed by ordi- 
nary filtration. In vessels without distilling apparatus it becomes neces- 
sary to fill up the tanks with water from shore. In every case the sources 
of this supply should be investigated, and the water examined for organic 
or inorganic impurities. In the naval service this examination is limited 
to organic matter, chlorides, lime, and hardness. 

The tests for organic matters are the potassium permanganate, chloride 
of gold, and the Nessler test. Of the latter test the writer has already 
given his opinion as to its value for quantitative estimation. The of potas- 
sium permanganate test fails to demonstrate the presence of the fatty 
substances, urea, creatin, sugar, gelatine, hippuric acid, and starch. The 
chloride of gold, when boiled with neutral or faintly acid waters free 
from nitrites, gives a color and precipitate, if organic matter is present, 
varying, according to the quantity of oxidizable matter, from a rosy pink 
to violet, olive-colored, or a dark olive or black precipitate. 

If the chlorides are present in any decided quantity, their presence, 
other things considered, furnishes good evidence of contamination from 
the liquid excreta of men and animals. The quantitative estimation of 
the chlorides is readily made by treating a known quantity of the water 
to be examined, to which has been added a few drops of a solution of 
neutral potassium chromate, by a standard solution of nitrate of silver 
until a permanent red tint appears. 

Lime is recognized by testing with a solution of oxalate of ammonia. 

Hardness is determined by Clark's soap-test. 

A rough method of testing is to evaporate to dryness a quantity of 
ordinary potable Avater in a spoon over a spirit-lamp, and in another spoon 
the same quantity of the water to be examined, and then to compare the 
residues. Both spoons should next be heated to redness, and the degree 
of charring of the residues should be noted. The more solid the residue, 
and the greater the degree of charring, the greater the amount of im- 
purities. 

Filtration, after the water has stood for a certain time, generally re- 
moves all the insoluble and suspended matters. The choice of a filter 
seems to be of some importance. 

Considering the action of animal charcoal, and in a lesser degree wood 
charcoal, and the previously mentioned action of iron, a filter composed 
of clean iron-turnings, mixed with pounded and coarse charcoal, so as to 
form rather a compact mass, is the best for all such uses. It has the 
merit of economy and efficiency. 

The aeration of distilled water on shipboard is usually left to take 
care of itself. It is easily accomplished by letting the water fall in a 
state of fine subdivision from a height through the air, or allowing it to 
flow over previously well-washed pebbles packed in some receptacle and 
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open to a continuous current of air. Some of the patent apparatuses 
supplied to vessels furnish the distilled water perfectly aerated. 

All suspected waters should be boiled, allowed to cool, and filtered 
before they are used for drinking purposes. 



SECTION V. 

FOOD. 

In the alimentation of masses of men subjected to exposure and fre- 
quently called upon to perform great bodily labor, the question of food is 
of vital importance. More especially is this the case in the naval and 
merchant marine, where the greater or lesser collection of men resembles 
a machine to which a certain quantity of material must be supplied in 
order to produce the requisite amount of force at the moment such force 
is called upon to be delivered. Vievved in this manner, all foods represent 
stored-up force, and their function consists in the development and mani- 
festation of it in molecular and muscular changes and movements. Foods 
have been defined as articles composed of or containing elements in a form 
which enables them to be used for the nourishment of the body, either by 
being themselves appropriated by the organism, by influencing favorably 
the process of nutrition, or by retarding disassimilation. 

The quantity of carbonaceous and nitrogenized substances existing in 
a dry state in any food has been adopted by all physiologists as the meas- 
ure of the tissue-forming and heat-making values of all foods, and upon 
the proportions of each of these elements in a food all die'taries for hos- 
pitals, etc., as well as the rations for the army and navy, have been con- 
structed. Dalton's experiments demonstrate that about 3.41 lbs. av. of 
solid food and 3.38 lbs. av. of liquid food are required in 24 hours by a 
man in full health and excux-ising in the open air. It is evident, however, 
that the demand for food, as Avell as the quantity and character necessary 
to sustain the system at its normal condition, dejDends upon habit, climate 
and temperature, age, sex, occupation, personal peculiarities, condition of 
the muscular apparatus, etc. Variety in the character of food is also 
an essential in alimentation. It is a well-known fact that the strict ad- 
herence to one or more articles of diet, in time, becomes distasteful, and, 
if persisted in, such foods are not digested nor assimilated, but develop 
in the individuals so subjected a scorbutic condition. The introduction 
of preserved meats, vegetables, and fruits into the ration has made it pos- 
sible to secure considerable variety in alimentation on shipboard, but 
these preserved foods are at best but partial substitutes for fresh provi- 
sions. The writer would call attention to the views of Dr. Joseph Wilson, 
U.S.N., in regard to this subject, especially as regards the vegetable 
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parts of preserved foods. It is known that, if the ordinary bean of the 
navy ration will not sprout when immersed in warm water for some hours, 
it is unfit for food. Dr. Wilson associates this fitness or unfitness with 
the power of germination, growth, or vitality, and the writer would apply 
this suggestion to other preserved vegetables prepared in like manner. 
The subject of the slow chemical and physical changes which take place 
in preserved foods of all varieties and prepared by different methods, 
needs a more thorough and extended investigation. 
The navy ration established by law is as follows: 

Be it enacted b>/ the Senate and Hotise of Representatives of the United States of 
America in Congress assembled, That the navy ration shall consist of the following daily 
allowance of provisions to each person : One pound of salt pork, with half a pint of 
beans or peas ; or one jiound of salt beef, with half a pound of flour, and two ounces 
of dried apples, or other dried fruit ; or three-quarters of a pound of preserved meat, 
with half a pound of rice, two ounces of butter, and one ounce of desiccated " mixed 
vegetables; " or three-quarters of a pound of preserved meat, two ounces of batter, 
and two ounces of desiccated potato ; together with fourteen ounces of biscuit, one- 
quarter of an ounce of tea, or one ounce of coffee or cocoa, and two ounces of sugar, 
and of a weekly allowance of half a pound of pickles, half a pint of molasses, and half 
a pint of vinegar. 

Sec. 2. And be it further enacted, That fresh or preserved meat may be substi- 
tuted for salt beef or pork, and vegetables for the other articles usually issued with 
the salted meats ; allowing one and a quarter pounds of fresh or three-quarters of a 
pound of preserved meat for one pound of salted beef or pork ; and regulating the 
quantity of vegetables so as to equal the value of the articles for which they may be 
substituted. 

Sec. 3. A7id be it further enacted, That should it be necessary to vary the above- 
described daily allowance, it shall be lawful to substitute one pound of soft bread, or 
one pound of flour, or half a pound of rice, for fourteen ounces of biscuit ; half a 
pound of rice for half a pint of beans or peas ; half a pint of beans or peas for half a 
pound of rice. 

Sec 4. And be it further enacted, That, in case of necessity, the daily allowance 
of provisions may be diminished or varied by the discretion of the senior officer pres- 
ent in command ; provided. That an additional ration of tea or coffee and sugar be 
hereafter allowed to each seaman, to be provided at his first " turning out." That in 
addition to the navy ration, as now established by law, the apprentice boys in the 
naval service who are attached to training-vessels shall be allowed four ounces of oat- 
meal and four ounces of hominy, coarse or fine, on alternate days, together with one- 
half of a gill of molasses. 

Table I. presents the component parts of the navy ration for each day 
in the week, and does not include the addition to the ration as established 
for apprentice boys in the service. 

The Revised Statutes (Sec. 4260) direct for each passenger in the 
merchant marine as follows : 

20 lbs. of good navy bread, 15 lbs. rice, 15 lbs, of oatmeal, 10 lbs. 
wheat flour, 15 lbs. of peas or beans, 20 lbs. of potatoes, 1 pint vinegar, 
60 gallons of fresh water, 10 lbs. salted pork, 10 lbs. of salt beef, free of 
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bone, all to be of good quality. One-tenth of such provisions to be issued 
weekly, and at least three quarts of water daily. Sec. 4564 provides: 
" For every vessel bound across the Atlantic, belonging to a citizen of 
the United States, to have on board, well secured under deck, 60 gallons 
of water, 100 lbs. salted flesh meat, 100 lbs. wholesome ship-bread for 
every person, and in like proportion for longer or shorter voyages." It 
is directed also that the scale of provisions, as in Table II., be allowed 
and served out to the crew during the voyage. 



TABLE L 





g Biscuit. 

1 


Beef. 


Porlc. 


■§ 
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n 
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Flour. 


Bice 


Dried Fruit. 


Pickles. 


Sugar. 


Either— 

a lie 0 
H 0 


Butter. 


1 Dried Potato. 


Beans. 


Molasses. 


Vinegar. 


POUNDS. 


OUNCES. 


FRACTION 
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Weekly quantity . . 
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8 
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TABLE II. 





Bread, 


Beef, 


Pork, 


Flour, 


Peas, 


Rice, 


Barley, 


Tea, 


Coffee, 


Sugar, 


Water. 




Lba. 


Lbs. 


Lbs. 


Lbs. 


Pt.s. 


Pts. 


Pts. 


Oz. 


. Oz. 


Oz. 


Quarts. 
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Substitiftes. 

One ounce of coffee, or cocoa, or chocolate may be substituted for one 
ounce of tea, molasses for sugar — the quantity to be one-half more ; one 
pound of potatoes or yams, one-half pound of flour or rice, one-third pint 
of peas or one-quarter pint of barley, may be substituted for each other. 
When fresh meat is issued, the proportion is to be two pounds per man 
per day in lieu of salt meat. Flour, rice and peas, beef and pork may be 
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substituted for each other; and, for potatoes, onions may be substituted. 
It is also directed (Sec. 42G2), that " such provisions are to l)e well and 
properly cooked, and served out at stated and regular hours by messes, or 
in such manner as shall be deemed best and most conducive to the health 
and comfort of the passengers;" and Sec. 4258 directs that there should 
be " For fifty passengers one camboose or cooking-range, and increased 
in size in proportion as the number of passengers is greater or less." 

The antiseptic power of salt has been known from the remotest times, 
but no satisfactory explanation of its mode of action has as yet been 
given. The salting of meat diminishes very much its nutritive value. 
When raw meat is salted, the liquid portion speedily begins to ooze out 
and dissolve the salt, forming what is known as brine — a saturated solu- 
tion of salt with meat- juice. Meat thus treated loses quite a large pro- 
portion of its albumen, as well as its sapid and saline constituents; but at 
the same time it loses its tendency to putrefy. This brine containing the 
meat-juice can be utilized, in case of necessity, by placing it in a buck- 
skin or sheepskin bag, and immersing it first in salt water — which causes 
the salt to diffuse itself, leaving the meat -juices — and then in fresh water. 
A little attention to the densities of the solutions determines the point of 
time at which immersion should no longer be continued. This dialyzed 
meat extract mixed with flour may serve in an emergency to sustain and 
prolong life. Salt meat can be freshened in like manner. 

Within a few years, in addition to the usually hermetically-sealed 
meats, etc., the writer has seen "corned beef" put up in the above man- 
ner. It is quite palatable, and has a high nutritive value. It contains 
about 60 per cent, of solid matter, of which 40 are albuminates, 15 fats, 
and 5 salts — over 6 per cent, of nitrogen. A half-pound per diem would 
be an ample allowance, if it ever should become part of the navy ration. 

On board of naval vessels, within late years, the means of baking bread 
have been supplied. It has been proposed, however, to supply both the 
naval and merchant marine with hermetically sealed tins of bread. In ad- 
dition to other merits, convenience of stowage and the increased quantity 
that can be carried are great advantages. Cheese, also, is now packed in 
air-tight tins, and would be an invaluable addition to the ration. This 
method of packing ends any objections to the old method of supply. 
Butter, also, may be obtained packed in like manner, and keeps indefi- 
nitely. It has also been packed in waxed canvas bags, 50 lbs. in each 
bag, and kept in casks filled with salt water, which should be renewed 
weekly. Butter thus preserved has been known to remain fresh and 
sweet for three years in a tropical climate. It is a question worthy of 
careful consideration, whether the allowance of pork may not be dimin- 
ished, and butter and cheese increased in the ration. The writer has 
noticed a method which is employed by the whalers in the North Pacific 
Ocean for preserving potatoes on long voyages. The potatoes are to be 
cleaned, pared, cut into small cubes, placed in a hogshead, and then 
covered completely with a dense black sugar-house molasses. When 
taken out, washed, and cut, each mass will be found to have become dis- 
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colored externally to a depth of a line or so, but the taste and texture of 
the tuber remain. Dried peas furnish a very valuable addition to the 
ration. 

The chemical effects of cooking upon food deserve some mention here. 
Beef is said to lose by boiling one-fourth of its original weight, and by 
roasting, one-third. Roasting consists in the gradual coagulation of the 
albumen by heat transmitted from the surface to the interior. The effects 
of boiling are of two kinds: 1st. If the meat to be cooked is plunged 
into boiling water, the operation resembles roasting in this, that the albu- 
men of the surface of the meat is sooner coagulated, thus preventing the 
escape of the meat -juices from the interior. Meat thus treated is said 
to preserve its full llavor. 2d. If the meat is placed in cold water, 
and slowly heated, the albumen, salts, and flavoring elements of the 
meat gradually pass out, the water gaining in nutritive qualities and 
flavor, which the meat loses. This is the preferable means of making 
soups. 

In the naval service all the component parts of the ration are sub- 
jected to inspection and tests before reception and issue, and, in case of 
question as to adulteration or decay, a survey with careful examination is 
at once had. No such inspection or tests apply to the food of the mer- 
chant sailor. If such were the case, we should no longer have such dis- 
graceful records as that of the " Leibnitz," in 18G7, at New York : " The 
rations were scanty and bad, often rotten ; the butter rancid, the beans 
and sauer-kraut thrown overboard by the hungry, and the supply of 
water to people sweltering in insufferable heat and indescribable nastiness, 
was only half a pint a day. Only 108 deaths out of 544 were laid to the 
charge of all this neglect and cruelty; " or that of the "Empire," which 
arrived at San Francisco in 1875, with scurvy, when " the provisions were 
tainted, and eaten witli difficulty." There is abundance of legislation, 
but not the first step is taken towards enforcement of the law in regard 
to the provisions to be carried on shipboard. The writer has carefully 
compared the tissue-building and heat-forming quantities of the foods, and 
is of the opinion that the navy ration would be the more nutritive one for 
the merchant marine, and that, as the Government has already all the 
means for tlie inspection of foods, the ration for the merchant service 
should be the same, and subject to a like inspection as that of the naval 
establishment. 

In respect to the hours for meals, in the naval service the usual hour 
for breakfast is about 8 o'clock a.m.; then follows an interval of 4 hours, 
or at 13, noon, dinner; then an interval of 5 hours, when supper is served; 
and again an interval of from 13 to 15 hours, during which time the men 
are asleep and without food. When the cyclical changes that occur 
physiologically in the economy are considered, this latter interval should 
be terminated not with the "additional ration of tea or coffee and sugar," 
on first " turning out," but by — and I use a sailor phrase — " a hot square 
meal." For as respiration, circulation, and consequently calorification, all 
have their minima in the morning watch, it becomes a matter of sanitary 
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importance to avert this depressed condition by food, and not to add to 
the normal lowered strength by work on an empty stomach. 

The following tables represent the histogeiietic and thermogenetic 
values of the principal parts of the navy ration: 



AT SEA. 



ABTICIiES. 


Weekly 
in oz. 


Water. 


Albumi- 
nates. 


Carbo- 
liydrates. 


Fats. 


Salts. 




24 


12 


96 


6 


624 






3.708 


.708 












Extractives 






Beef (salt) 


32 


15 


715 


8 


16 




05 


.0576 


6.742 


Pork (salt) 


48 






4 


224 






35.184 






98 


7 


84 


15 


288 


71 


932 


1.274 


i!666 




16 


2 


4 


1 


76 


11 


248 


.32 


.272 




19.5 


3 


12 


4 


3875 


9 


7305 


.39 


.468 




8 




8 




4 


6 


656 


.064 


.04 


Potatoes desiccated* 


4 








24 


3 


744 


.016 


.016 




4 




24 




012 






3.64 


.108 




28 




84 






27 


02 




.14 


Total 


281.5 


43 


915 


41 


1015 


131 


3805 


44.6536 


10.304 




40.214 


6.2735 




8716 


18 


7686 


6.397 


1.473 



Daily average water- free food, 32 4913 oz. av. 



IN PORT. 



ARTICLES. 


Weekly 
quantity 
in oz. 


Water. 


Albumi- 
nates. 



8.166 

9.6 

1.408 

8.96 

1.76 

1.4625 
.4 
.24 
.012 


Carbo- 
hydrates. 


Fats. 


Salts. 


Beef (salt) 

Pork (salt) 


32 
80 
16 
112 
16 

6.5 

8 

4 

4 


15.715 
48. 

U.H 
2.4 
1.04 
.8 

.24 
.84 


E.xtractives 

1 05 

55! 104 
11.248 
3 2435 
6.656 
3.744 

37! 62 


.0576 
5.376 
11.728 
1.68 
.32 
.13 
.064 
.016 
3.64 


6.742 
1.024 

i!456 
.272 
.156 
.04 
.16 
.108 
.140 


Total 


306.5 


113.835 


32.0085 


108.0655 


23.0116 


10.098 


Daily average 


43.875 


16.262 


4.5726 


15.4379 


3.28737 


1.4425 



Daily average water-free food, 34.7403 oz. av. 



Taken as equal to IG oz. of fresh potatoes. 
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Average at sea and in port of daily water-free food in grains: 

Albuminates 2284.087 

Carbo-hydrates 7482.087 

Fats...."^ 2114.537 

Salts 037.562 



Total 12519.473 

Grains of carbon and nitrogen in the daily water-free food: 

Carbon. Nitrogen. 

At sea 7217.575 405.143 

In port 5199.587 315.512 



Average 0208.581 360.228 

By a comparison of these amounts of carbon and nitrogen, as measur- 
ing the chemical and physical values of foods, it will be observed that 
the naval ration is amply sufficient for all demands that may be made upon 
it under varying circumstances. 



SECTION VI. 

CLOTHING. 

The consideration of the hygienic value of clothing embraces the ex- 
amination of all fabrics used as coverings for the body, as to their perme- 
ability to air, hygroscopic qualities, the power of the material and texture 
to conduct heat, their power of absorbing luminous heat-rays, as well as 
their weight, when manufactured for use, in relation to the work of tlie 
body expended in their carriage. In man, from numerous observations, 
the normal temperature of the body is given as 98.4° F., and in repose 
he gives off from the skin and lungs about two pounds of water per diem, 
which is increased to as much as four pounds when he is at work. These 
facts in relation to the surrounding air present an experiment in physics, 
viz., that of a warm, liumid body plunged into a cooler fluid. This body is 
subject to physical laws, and is cooled by conduction, radiation, and evap- 
oration. The rate of this cooling depends on the temperature and 
humidity of the air. The sanitary object of clothing is to keep the heat 
which radiates from the body longer in contact with its surface. Clothing 
becomes necessarily heated by this radiation and conduction, and is cooled 
in like manner, but the rate of cooling depends upon its texture and vol- 
ume. Woollen fabrics are the principal ones from which the clothing of 
the sailor is manufactured, and they have become so from their permeabil- 
VoL. II.— 14 
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ity to air, their bad conducting lieat-power, and liyg-roscopic qualities. 
We could not wear garments that did not permit of the constant access 
of air to the surface of the body. Of the hygroscopic properties of our 
clothing in relation to the excretion of water from the skin, we have very 
little experimental information. Experiments upon the heat-conducting 
power of the textures and materials used for clothing are but few; those 
of Pettenkofer, Coulier, and Hammond are the only ones of value in their 
relation to hygiene. Cotton and -silk are better conductors of heat than 
wool. If the conducting power of linen is taken at 100, that of wool 
may be from 50 to 70. According to Pettenkofer, flannel is more permeable 
to air than linen in the proportions of 100 to oS. It is also, according to 
the same observer, more hygroscopic in the following proportions: 

Flannel 174 Linen 75 iNIaxiinum. 

« Ill " 41 Minimum. 

Texture has nothing to do with protection from solar-heat waves, but 
the color heightens the absorption of luminous heat. Thus, according to 
Krieger, if a white fabric absorbs in the proportion of 100, black absorbs 
208, and blue almost as much as black. Traditionally, blue has become 
the color of the sailor's clothing. Gray is the better color in a military 
as well as hygienic point of view; it absorbs but few of the luminous heat- 
rays, and for every twelve men in red hit in battle, there are seven in green 
and five in gray. In the merchant marine it is directed by statute that every 
vessel is to be provided with at least one suit of woollen clothing for each 
seaman. The naval outfit is as follows: 

One Pea-jacket. 

Two Flannel Overshirts. 

Two Woollen Undershirts, 

Two pairs of Woollen Drawers. 

Two pairs Woollen Socks. 

One pair Blue Satinet Trowsei's. 

One Seamless Cap. 

One pair of Calfskin Shoes. 

One pair Blankets. 

One Mattress. 

One Black Silk Handkerchief. 

To this should be added the cummer-band or cholera-belt. Fashion 
has in some measure dictated the shape of the sailor's dress. The naval 
cap for officers and that for the men are about the sorriest travesties on 
good sense, as sanitary head-dresses, as could well be conceived. There is 
no better head-dress than the Glengarry, as it is called, for sailors, and the 
modified form of the Spanish cap for officers leaves little to be desired in 
the way of ornament, as well as comfort. The weight of the sailor's cap 
in our navy averages G.5 oz. av. Shoes are now made of good quality, 
and more in conformity to the hygiene of the feet. A broad sole and a 
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broad lieel, not more than 1^ in. in lieig-lit, are now part of the regulations 
regarding boots and shoes. Men should never be allowed to go bare- 
footed, even in hot weather. The pantaloons should be made with a 
broad waist-band and laced in the back. The practice of allowing a 
narrow leather strap to be worn to support the clothing should not be 
permitted, as it compresses the viscera of the abdomen, very much as if a 
cord were drawn tightly around the body. In regard to the bedding, each 
man should use his own bed. The watch on deck should carry down their 
own hammocks, and those turning out should lash, carry and stow their 
own. Besides being a disgusting and filthy practice, that of allowing 
men going off watch to turn into the hot, moist beds of their shipmates, 
reeking with their exuvia^, it is not conducive to health, as can be readily 
understood. Dry clothes should be allowed the crew after a wet tour of 
duty. Clothing should be inspected thorougldij once a month, instead. of 
the make-believe inspections so pretentiously made at present; when 
washed it should be put away in the bags dry. Bedding should be aired 
as frequently as fair weather will permit. In the struggle for existence 
one of man's defensive weapons is clothing, and relatively to the life of 
the sailor tlie most important point with regard to his clothing is to guard 
against moisture, either hot or cold. 

In the naval service it has become necessary to have certain standards 
for the quality of the fabrics used for clothing. These are based oii the 
microscopic appearance of the fibres of the material, their behavior with 
certain chemical reagents, weight, number of threads to the square inch, 
tensile strength, character of the dye in colored fabrics, etc. 

Microscopic Appearances. 

W^ool. — The fibres are cylindrical collections of numerous cells, and 
present each the appearance of a tube covered with epidermic scales which 
overlap each other. The zigzag markings are characteristic. 

Cotton. — The Hbres of cotton appear to be made up of flat ribbon- 
shaped cells, thicker at the edges than in the middle; they are irregularly 
twisted, with a broad longitudinal cavity more or less well defined. There 
is frequently a kind of net-work striation apparent on the surface. 

Linen. — Each thread is made up of longitudinal, rounded, unmarked 
fibres with a narrow longitudinal cavity; surface generally smooth; diame- 
ter of the fibre not uniform; they taper towards the end and terminate in 
& blunt point. 

/SV//i-. — The fibre is cylindrical, smooth, without organic structure or 
longitudinal cavity, of uniform thickness, and presents here and there on 
both sides a kind of narrow margin. 

Chemical Tests. 

To distinguish cotton frotn v)Ool. — Wash, dry and weigh a square 
inch of the fabric, then boil in a solution of caustic soda or potassa 
(specific gravity 1040). The whole of the wool will be dissolved whilst 
the cotton fibres remain almost unchanged. Collect the cotton, wash, 
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dry, and again weigh. The difference is the loss in wool. The relative 
proportions by weight can then readily be determined. If the number of 
threads to the square inch have previously been counted, their relative 
proportion also may be estimated. 

To distinfjuish cotton from linen. — Boil a square inch in water to 
remove the stiffening, dry and weigh, then immerse in strong sulphuric 
acid for tico minutes; remove from the acid, wash thoroughly, and boil in 
water to remove the gummy substance produced by the action of the acid 
on the cotton ; again remove, wash, dry, and weigh. The loss is the cot- 
ton. If the threads have been previously counted, their relative propor- 
tion can be determined. 

Silk. — Wash, dry and weigh a known quantity of the fabric. Boil it 
in a saturated solution of zinc chloride. Silk is dissolved. It is also- 
dissolved by a mixture of equal parts of sulphuric and nitric acids, but 
the fabric should not remain immersed longer than twenty minutes. An 
ammoniacal solution of copper dissolves silk and cotton; after a longer 
time, linen. Wool is caused to swell but slightly by it. In a mixed fabric 
of wool, cotton and silk, the estimation of each may be made in the fol- 
lowing manner : Avash, dry and weigh a known weight of the fabric; 
boil in a strong solution of zinc chloride ; collect, wash, dry, and agaio 
weigh — the loss is silk; boil the remainder in a solution of caustic soda 
or potassa, collect the residue, wash, dry, and again weigh — the loss is 
wool; collect the residue, wash, dry and weigh — the weight equals the 
cotton and loss. 

Physiccd Characters. 

It is directed in the naval service that the cloth forpe« and motikeif 
jackets shall be all wool, shall weigh 2G ounces to the yard, shall be 54 
inches in width, shall have G4 threads in the warp and 44 in the filling to 
the square inch, and shall have a tensile strength of G2 lbs. to the warp 
and 42 lbs. to the filling. Any cloth breaking under a strain which falls 
short of the standard by more than four pounds, is to be rejected. A 
variation of three pounds in the tensile strength is allowed. 

The cloth for trowsers is to be all wool, is to weigh 21 ounces to the- 
yard, is to be 54 inches wide, and is to have 5G threads in the filling and 
60 in the chain to the square inch, with a tensile strength of 68 lbs. 
to the warp and 50 lbs. to the filling in a strip one inch wide of each. 
The cloth for caps is to be all wool, is to weigh 17 ounces to the yard, 
is to be 54 inches wide, is to contain 64 x 64 threads to the square inch, 
and is to have a tensile strength of 28 lbs. to the warp and 24 lbs. to the 
filling per strip 4 inches long and 1 inch wide. Ulue flannel is directed 
to be not less than 5|- ounces in weight to the yard, to be 27 inches 
wide, and to have 48 x 48 threads to the square inch, with a tensile 
strength of not less than 35 lbs. to the warp and 25 lbs. to the filling in 
a strip 4 inches long and 1 inch wide. Thin flannel is to weigh 2.36 oz. 
per yard, is to be 27 inches wide, is to have 48x48 threads to the 
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square iiicli, and is to have a tensile strength of 12 lbs. to the warp and 
9 lbs, to the filling in a strip 1 inch wide and 4 inches long. 

ISheeting is to be made from pure flax thread free from cotton, is to 
weigh 12,31 ounces to the yard, is to have GlxGl threads to the square 
inch, is to be 80 inches wide, and is to have a tensile strength of G2 lbs, 
to the warp and 52 lbs, to the filling per strip 1 inch wide and 8 inches 
long. Canvas-duck is to be free from cotton, is to weigh 8.23 ounces 
per yard, is to be 27 inches wide, is to contain 40 x 36 threads to the 
square inch, and is to have a tensile strength of 193 lbs. to the warp 
and 119 lbs. to the filling per strip 1 inch wide and 8 inches long. Cot- 
ton-duck is to be 28.5 inches wide, is to contain 44 x 3G threads to the 
square inch, and is to have a tensile strength of 140 lbs. to the warp and 
132 lbs. to the filling per strip 1 inch wide and 4 inches long. Socks are 
to be woollen, knit or woven, 14 inches in the leg, and of an average 
weight of 4 oz. avoir, per pair. Blankets ai-e to be of wool, are to weigh 
G,5 lbs. per pair, are to be 58 inches wide and 78 in. long each, and are 
to contain 20 x 20 threads to the square inch. Neck-handkerchiefs are to 
be of black silk, are to be 31.5 x31.5 inches in size, are to contain 14x23 
threads to of an inch square, are to weigh 10 or 12 grains troy, and are 
to be free from lead or sizing. Boots and shoes are to be made of oak- 
tanned leather, hand-made, with broad soles, and heels from 1 inch to 1:^ 
inch high. 

J)i/es. 

The regvilations call for one color in the fabrics, viz., blue, and direct 
tliat it shall be a pure indigo. To detect indigo-dyed fabrics, a sample of 
the material should be macerated in fuming sulphuric acid. The dense 
blue liquid (sulphindigotic acid) can be tested by nitric or chromic acid, 
etc., for indigo. Or, immerse a sample of the fabric in a saturated solu- 
tion of chloride of lime. If dyed of pure indigo, the color will be dis- 
charged. If the fabric be steeped in a solution of caustic soda, the color 
will remain unchanged if pure indigo has been used as a dye. Prussian- 
blue dyes are unchanged by a solution of chloride of lime, and the color 
is discharged in a solution of caustic soda. 

Weight of ClotJiinf/. 

The average weight of the usual clothing of the sailor is about 9 lbs. 
The total weight of suit, with overcoat, cap, and shoes, is about 13 lbs. 
8 oz., as an average of numerous observations. 
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SECTION VII. 

LIGHT. 

Of the influence of light in the production of derangements of health, 
we possess very little information. Light is known to promote develop- 
ment and nutrition, and has some unknown effect in h;)ematosis. It is 
difficult, perhaps impossible, to separate the influence of light from heat 
in physiological researches in this direction. The deprivation of light, or 
its deficiency, predisposes to inactivity and sleep. It also predisposes to 
scrofula, and in sedentary occupations with impure air is a cause of 
atonic dyspepsia. The condition known as an.Tmia in man seems to be 
analogous to the etiolation or blanching in plants produced by the exclu- 
sion of light; but this latter condition in vegetables is associated with 
other causes. One hygienic application is of great importance in this 
connection, namely, that prisoners on shipboard should never be deprived 
of sunlight. 



SECTION VIII. 

SLEEP. 

The organic processes which are the inseparable associations of the 
ordinary activities of the mind, render the brain after a time incapable of 
supporting its continued psychical function, and thus sleep is induced. 
This exhaustion of the brain is equivalent to fatigue in the muscular sys- 
tem, and as prolonged muscular exertion requires rest, so sleep is the rest 
of the brain. Indeed, the law of fatigue applies markedly in this instance, 
for the longer the brain continues its activity, the more slowly does it act, 
and the less capable does it become of performing the ordinary mental 
functions, so that, in some cases, sensations have not been perceived, al- 
though the impressions of external stimuli were constant. Damiens slept 
upon the rack, and the powder-boys at the battle of the Nile fell asleep 
midst the noise and confusion of the action. Forbes Winslow cites the 
case of a Chinese felon who was condemned to death by deprivation of 
sleep. The torture terminated on the nineteenth day. 

The causes of sleep depend upon external as well as internal actions. 
Thus, sleep generally occurs at night, while the excitement of light, com- 
bined with many other causes, tends to keep us awake during the day. 
Prolonged exposure to heat or cold also induces sleep ; the same is true of 
debility, exhaustion, and muscular fatigue. These same causes also deter- 
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mine in a measure the quantity and duration of sleep. Sleep ceases as soon 
as the susceptibility of the brain for those organic acts which are exhibited 
by cerebration, etc., is restored. Thus, in the morning the functional activ- 
ity of the brain is more active, and declines during the day. Functional 
activity in a measure determines the amount of sleep required; to this, 
however, must be added the influences of age, temperament, and habit. 
The young require more sleep than the aged; those in whom organic life 
is active require more than those in whom functional activity is slow; the 
adult requires eight hours of sleep. In these two relations, it will be ob- 
served, sleep is to be considered with regard to marine hygiene. Ordina- 
rily, the crew of a vessel is divided into two watches, one-half being grouped 
in the starboard watch, and the other half ui the port watch, with simi- 
lar duties for each. The usual tour of duty at sea, at night, commences 
■at 8 P.M., when one watch remains on deck and the other turns in, only 
to turn out at midnight to keep the mid-watch, that lasts from 12 m. to 
4 a.m.; those who are on deck from 8 to 12 "turn in" now, to "turn 
out " at 4 A.M., when the mid-watch turns in again to rest until about day- 
light, when "all hands" are called. On the succeeding day this is in 
a measure reversed: those who Iiad the mid-watch of the previous night 
go on duty at 8 p.m. It will be noticed that, at the most, six hours is the 
full extent of the duration of sleep permitted; but it occurs far more fre- 
quently that from four to five hours comprises the time allowed. A man- 
of-war's man undergoing the work which he is habitually called upon to 
perform, and which consists of exercises and drills, requires at least eight 
hours of sleep, and a full allowance should be given apprentices. These 
facts have led such writers as Turnbull and Blane to advocate strongly 
the division of ships' companies into three watches. Turnbull gives a co- 
gent reason for such division: " In order than men may suffer less from a 
tainted atmosphere, by reason of the close situation in which they sleep, 
it has been thought preferable to put men in three watches." Blane thus 
expresses himself : " It would be well if it could be rendered convenient 
at all times, except in cases of danger or emergency, to put men in three 
watches, instead of watch and watch. By the former arrangement they 
have eight hours sleep and rest, by the latter only four hours, which is not 
sufficient for refreshment " . . . . All these reasons remain in force 
at the present day. 

Tlie hammock.— bed of the sailor is known to us by a modifica- 
tion of its Indian name, first mentioned by Columbus in the account of 
his earliest voyage to America. It is a hanging bed, usually made of 
heavy canvas-duck, in some instances of hemp, and is about six feet 
long and three feet Avide. Eyelets are worked in at each extremity 
through which the nettles of the clews are fastened; an iron ring in each 
clew and a lashing complete this bit of sailor furniture. It usually con- 
tains the mattress with blankets, quilts, and such articles as the sailor 
does not care to stow away in his ditty-box or -bag. 

Bedding should be aired at sea or in port whenever wind and weather 
permit, and the hammocks should be scrubbed and dried on an average 
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about once in every two weeks, clean liammocks being served out at each 
change, for the purposes of health and cleanliness. 

In this sagging bag, curved as a bow, suspended from the hammock- 
hooks, the sailor sleeps. As the body thus reposes in an unnatural posi- 
tion, there is a tendency to congestion of the abdominal and pelvic vis- 
cera; consequently this bent position during sleep is objectionable from 
physiological and hygienic considerations. Prone on Mother Earth her 
children sleep stretched out at full length; on the waters her seafaring 
sons repose inversely bent, as if in remembrance of "the bow set in the 
clouds," which marked the ending of a memorable cruise. 

Few improvements have been made in this necessary luxury, save to 
adapt it in a measure to the purposes of a life-saving apparatus. A ham- 
mock that will secure sleep to the sailor in a horizontal plane rather than 
in a curve, and that will fulfil the requirements of lightness and small 
bulk, is still a thing to be desired in all navies. 



SECTION IX. 

DISCIPLINE. 

Section 4263 of the Revised Statutes of the United States directs 
that the master of the vessel is to maintain good discipline and such habits 
of cleanliness among the passengers as will tend to the preservation and 
promotion of health. He is also to keep the apartments clean and healthy, 
to have a water-closet for the exclusive use of passengers, to have the 
bedding aired, and to disinfect with chloride of lime. 

The relation of discipline to the health of the sailor involves at once 
his medico-legal status. Since the promulgation of the earliest maritime 
code, in the reign of Edward III. (1327) — " The Blacke booke of the Ad- 
miralty," which appears to have been founded upon the "Rolle of 
Olayron," written in the 11th or 12th century — to the present time, the 
discipline of the naval and merchant services has found its expression in 
that refuge for all the criminal brutality that occurs on shipboard — "the 
usages and customs of the sea-service." 

Infractions of discipline which are punished by law with such means 
as affect the physiological functions are, in the naval service, " solitary 
confinement on bread and water for five days ; " " solitary confinement 
not exceeding ten days ; " " solitary confinement not exceeding thirty 
days in irons, single or double, on bread and water or on diminished 
rations ; " " solitary confinement in irons, single or double, not exceeding 
thirty days." Considering that such solitary confinement is to be in a 
cell which is " not less than feet long and 3^ feet broad, with the 
full height between decks," but which is to be "properly ventilated;" 
that the amount and quality of the food are not sufficient, as has been 
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demonstrated by experiment and observation, for the maintenance of 
the ordinary wear of the body; and that such confinement is accompa- 
nied with the deprivation of sunlight, the writer is firmly convinced 
that such punishment should be materially changed, if not altogether 
abolished. The urgency for such a change becomes the more apparent if we 
also bear in mind that the sailor thus punished is, at the expiration of his 
sentence, remanded to his usual duties when in a condition which is in a 
degree analogous to, if not identical with, the convalescence from a wast- 
ing disease. The time has passed when morality was supposed to be in- 
culcated by the tails of a " cat," and it is not to be expected that a 
respect for the law that treats him in the manner indicated will be 
increased in the sailor by a diet of nothing. The writer does not claim to 
be possessed, as Burke remarks of Howard, of " a morbid sympathy 
with scoundrels," but the official records of excessive punishments seri- 
ously affecting the health and well-being of sailors, for trivial offences, for 
the furious mania of a rum-poisoned sailor, for that want of precision 
which is only attained by prigs, and of punishments inflicted under no 
warrant of law for alleged inefficiency, etc., certainly appeal to him in the 
maxim of Terence: 

" Homo sum : bumani nihil a me alienum puto." 

To use the words of Roche: "Poor Jack is sadl}'^ in want of moral and 
physical improvement; not necessarily a helpless object for sympathetic 
gush and ill-directed philanthropy, nor particularly in need of * fostering 
influences' or benevolent counsels, but a human being, with rights as well 
as duties, with wrongs not to be redressed by tracts alone, and vices 
which, having survived ages of corporeal, may possibly be amenable to 
moral discipline." The death of a sick " beach-comber " ^^n board the 
" Salacia," from exposure and ill-treatment, begging, as the brutal mate 
kicked him whilst crawling to the hatchway, " Mercy, for God's sake;" 
the mutiny of the " Borden;" the roasting alive of a stowaway in the fire- 
room of a Pacific steamer; the cases made known officially in the general 
orders of the navy department, and others not so officially promulgated — 
these are in no manner extraordinary occurrences, even at the present 
time. The subjects of this unreasonable maritime discipline usually find 
their way, if living, for care and treatment, to the naval and marine hos- 
pitals. 

This maritime law reads, "maintain good discipline," leaving it to the 
master of the vessel to define the word " good," and to a second mate to 
evolve out of his inner consciousness what is meant by " discipline." Its 
maintenance is usually effected by means of steel knuckles, belaying-pins, 
and the bullet. 

There is much of legislation for the punishment of crimes committed 
by seamen, but very little for the amelioration of their condition, or their 
elevation and advancement. The coarseness of the task and the harsh- 
ness of the task-master have helped to brutalize this human being. Tt is 
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within tlie writer's experience to have heard officers of the navy regret 
that the barbarism of flogging- had been abolished by statute; those who 
expressed such a regret, however, were endowed with mental perceptions 
which were incapable of distinguishing the difference between moral 
courage and brute force; or else, recognizing the absolute despotic power 
which they possessed, believed that, in Dogberrian logic, " argal," they 
must use it. 

Discipline, as it affects the well-being of the sailor, demands a more 
thorough investigation than has here been limned. Of the relation of the 
sick-rate to the rates of punishment on shipboard, the writer has a few 
absolute data — not enough at present, however, for a proper discussion or 
for a generalization. 

The ordinary exercises on shipboard are of a character which expose 
men to much fatigue ; yet men must be kept busy — no laziness nor exces- 
sive work. Everything should be done to promote cheerfulness, and all 
exercises should be within moderate bounds. The sewing- and mending- 
days should never be encroached upon ; no interference should be per- 
mitted with the regular meal hours; every indulgence not incompatible 
with a military discipline should be permitted, for humanity and indul- 
gence under such circumstances go hand in hand. 

The writer, at the risk of being considered ungallant, offers a word 
upon the presence of women on shipboard. Nothing but dire necessity 
should ever place a lady on a vessel of war. The practice of permit- 
ting the wives of commanding officers to accompany them on national 
vessels should be arrested by law. They have no more right there than 
has the wife of the humblest sailor on board, and their presence has caused 
more bickering, discontent, and dis-ease than the harshest discipline 
which the writer has ever known. The extra work imposed is not 
at all compensated for by their presence. Since the loss of one of the 
Elnglish iron-clad fleet with a part of her crew, in consequence, indirectly, 
of this cause, it is stated that the wives of officers are not permitted to 
accompany them on shipboard. The sooner such sources of discontent 
are removed the better. Women themselves would be the first to arrest 
this condition of affairs could they know the specializations with wliicli 
they are characterized by the crew. A true respect for the sex should 
never remove them from their exalted position or subject them to the 
shadow of a cloud. 

The writer believes in a thorough and rigid discipline — the hand of 
iron in the velvet glove, — but he does not believe in brutality. Punish- 
ments have been divided into three classes: 

1. Cajyital, where the death of the offender is intended to deter others 
from similar offences. 

2. Precautionary, where the offending person is removed from society 
by imprisonment. 

3. Correctional, where some pain or penalty is inflicted, so as to deter 
from future crime. 
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These punishments sliould he executed promptly, severely, and witli effi- 
cacy; they should be administered, however, deliberately and advisedlv ; 
and precautionary and correctional punishments should not be of such a 
character as may either directly or indirectly permanently affect the health 
of the individual. " Confinement in a low, damp, unwholesome room,, 
not allowing- the common conveniences which the decencies of nature 
require, but by which the habits of the constitution are so affected as t(v 
produce a distemper of which the prisoner dies," is felonious homicide,, 
according to English statute. Tt is proposed as a sanitary measure that 
all power of punishment should be removed from one man's hands. " Na 
person," says an eminent jurist, " ouoht to be entrusted with the execu- 
tion of any sentence Avho has been personally offended by the crime com- 
mitted. For this reason the commanding officer, who has a direct per- 
sonal interest in the preservation of discipline, and therefore may enter- 
tain angry feelings towards offenders, is not the most proper person to 
superintend the execution of punishments." For every offence a sum- 
mary board of officers should be summoned, and after a fair and impartial 
examination, they should adjust the punishment to the sentence. This 
has already been directed in the naval service in a measure, and a medical 
officer, after examining the sentence, gives his reasons for assent or dis- 
sent upon physiological grounds solely. 

The writer finds it difficult to close this section on discipline with 
calmness, as he recalls the tyrannous abuse of despotic power which has 
found its shelter under that name. He proffers this advice to any one 
thinking of entering either of the services, and quotes the words of ati 
older officer to a young relative thinking of enlisting: "It's a good idea 
— a good idea ; but you don't know how much trouble you'd save your- 
self by committing suicide first, and not afterward." 



SECTION X. 

STATISTICS. 

The importance of any statistical information depends upon the exact 
value of the numerical units of the same nature, and so comparable with 
one another as to admit of their aggregation and classification. The ad- 
vantages possessed by the naval medical officer in this respect are very 
great. He has at his hands the physical history of every man in the crew;, 
the exact locality and the environment he can observe and register with 
instruments of precision; the day and hour of the invasion of disease can 
be made out almost with exactness; and he has eliminated from his data 
many of the questionable matters which under other circumstances tend tO' 
obscure the value of such deductions as he may make. Accuracy of diag- 
nosis is expected from, and truthfulness of registration is demanded of 
him, for all medical statistical facts should be marked by their mathemati- 
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cal accuracy. The medical officer should be able to give readily the loss 
of service per man in a given force from sickness during the year, the 
number of days of sickness attributable to each man for any required 
disease, etc. All such facts have their bearing in determining the causes 
of sickness and death of seamen on various stations and under the influ- 
ence of different climates, and become provocative of investigation as to 
the nature of these causes as well as with regard to the means for their 
removal or prevention. When once the numerical units have been classi- 
fied and grouped together, these groups may be compared with each other 
or with the aggregate of numerical units. The relation existing between 
these groups is made evident by recourse to arithmetical proportion, which 
affords a constant numerical standard in percentages or in multiples of a 
percentage. 

Parkes, speaking of army medical returns, observes: "It cannot be 
too strongly urged on medical officers, that perfect acurracy of diagnosis 
is a duty of the highest kind. It is much better to have a large heading 
of undetermined diseases, than, when in doubt, to put a case of disease 
under a heading to which it has no unequivocal pretensions." After the 
necessary ratios in regard to any grouping have been obtained, the 
graphic method of representing statistical results may be adopted. Vari- 
ous plans have been used to delineate such results. Lines of various 
lengths compared with the standard, curves with varying radii, etc., have 
been used, and, if colored, serve to fix the attention more readily than 
would groups of figures. 



SECTION XI. 

DISEASES. 

Section 4569 of the Revised Statutes reads thus: "Ever}- vessel of 
over 75 tons, bound on a deep-sea voyage, to have a chest of medicines. 
If bound across the Atlantic or Pacific, around Cape Horn or Cape of 
Good Hope, engaged in whale or seal fisheries, she shall be provided with 
a sufficient quantity of lime- or lemon-juice, and also sugar and vinegar or 
other antiscorbutic, to be served out to every seaman as follows: within 
ten days after salt provisions have been served out, the lime- or lemon- 
juice and sugar at the rate of one-half ounce per day, and vinegar one 
half -pint weekly, for each member of the crew." The necessity for the 
above directions does not need any explanation from the writer, other 
than to state that it is an evidence of a tendency on the part of the law- 
makers towards the prophylaxis of disease — in this instance scorbutus 
or scurvy. 

The use of lemon-juice in scurvy appears to date from about 1564, 
when some Dutch sailors, suffering from this affection, ate the oranges 
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and lemons of which the cargo was composed, and finding themselves 
relieved from that condition, made haste to communicate their mode of 
relief. In 1593, Sir Richard Hawkins experienced the antiscorbutic effi- 
cacy of lemon-juice in his crew; but the credit of its introduction as a 
prophylactic against scurvy greatly rests on the book of John Woodall, 
Master in Surgery, published in London in 1G3G. Since then the use of 
lime- or lemon-juice, as directed in the statute, has become the common 
property of all maritime nations. 

The sailor and the ship are likewise carriers of the causes of disease. 
Thus, relapsing fever was brought to Philadelphia in 1844 by emigrant 
vessels from Ireland. The germs of cholera have also been carried by 
vessels and crews. The recent outbreak of cholera in Japan was excited 
by its introduction from China, and the transportation of the disease from 
one port to another in that empire was by vessels. It is suggested that 
on an outbreak of cholera on shipboard, it is advisable to separate at once 
all who have any diarrhoeal trouble, from the well, to collect (ill the de- 
jecta in vessels containing a strong solution of coppei-as or sulphate of 
iron, to allow no water to be drank except that which has been boiled, 
and to dry and ventilate the vessel and apartments as much as possible. 

Small-pox has been frequently carried by vessels and crews. In such 
cases, isolate the sick, place them aft, and shelter them by screens; at the 
same time keep the vessel heading to windward, or " on a wind." Vacci- 
nate and revaccinate all who may be exposed; and the writer would not 
hesitate, considering his own experience, as a last resort, to inoculate the 
Avhole crew. 

Typhus fever — essentially, as one of its synonyms implies, a disease of 
ships — is a disease of overcrowding, a disease arising from animal filth, 
and one which is a disgrace to our present sanitary legislation. The 
writer has no hesitation in saying that the dismissal of any commanding- 
officer would be the mildest of punishments if a case of idiopathic typhus 
fever should occur on board of a ship under his control; and if the disease 
arise on an emigrant A-essel, the captain and mates should be imprisoned 
for confining the sailors or passengers on such overcrowded, ill-ventilated, 
filthy decks as give rise to this disease. 

Yellow fever is peculiarly a disease of ships — that is to say, its origin 
is not directly on shipboard, but ships that are in such a condition 
as we have already described, with their human contaminations and septic 
conditions, present opportunities peculiarly fitted for the growth, develop- 
ment, and spread of the germs of yellow fever. The opinion founded 
upon the observations of the yellow fever ejiidemic at Rio de Janeiro, in 
1850, was that it originated from decaying organic animal matter. It 
was also observed that the general mortality, the mortality from yellow 
fever, and the relative humidity of the air fluctuated together, and that 
with a high relative humidity the death-rate was also hio-h. The average 
opinion of medical officers of the navy who have observed yellow fever, 
and experienced an epidemic visitation, may be briefly stated as follows: 
In addition to the causes of malarial fevers originating from vegetable de- 
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•composition, there is superadded a miasmatic poison from "decom- 
position — a fascal poison. An eminent member of my own corps tlius 
tersely, but significantly, puts the conditions: "Crowd filthy, half-fed 
emigrants in a filthy, unventilated ship, to cross the North Atlantic — 
Avhat follows ? Ship fever — genuine typhus. Try the experiment in a 
tropical river, and you get typhus icterodes." It has elsewhere been 
stated how cleanliness and dryness have been the means of preventing the 
invasion of j^ellow fever on shipboard. When once yellow fever germs 
find a lodgment on shipboard, the difficulties in the way of their destruc- 
tion are almost insurmountable. As an evidence of this the writer again 
refers more fully to a " yellow fever ship," as she is known in the service, 
the U. S. S. " Susquelianna." In 1858 a severe epidemic of yellow fever 
occurred on board this vessel at Greytown, C. A. Yellow fever was un- 
known at Greytown, and the vessel had arrived directly from the Medi- 
terranean with a perfectly healthy crew. When the epidemic appeared 
the " Susquehanna " put to sea, bound northward, but the extent of the 
■epidemic forced her to put in at Kingston to secure men to work the ship. 
Nearly one hundred cases were landed and placed in the hospital, and Dr. 
F. Rose, R.N., who volunteered his services, proceeded with the rest of 
the crew to New York, On her arrival nearly one hundred more cases 
were landed at the Quarantine Hospital. Previous to this cruise the " Sus- 
quehanna" had suffered from yellow fever, but in the interval had been 
exposed to some two or three winters in the North. It must be patent 
that the poison of the fever remained quiescent, only awaiting favoring 
•conditions to germinate. As usual, when the bilges came to be examined, 
they were found to be foul. This experience was duplicated in the same 
vessel, for, after being again exposed to several winters, thoroughly fumi- 
gated and disinfected, and again being commissioned, on her return to 
the tropics another epidemic appeared on board. Extreme cold does not 
•destroy these germs, but preserves them until a fitting temperature, moist 
air, and other congenial conditions favor their restoration to activity and 
growth. 

The great number of diseases of the integumentary system which 
■occur amongst sailors arises, as the writer is disposed to believe, from the 
overcrowding and consequent impure air, which contains animal organic 
matter. The experiments of Richardson (J. G.) have demonstrated that 
minute organic matter can find its way into the blood through the respi- 
ratory channels, and the observations of Orth lend credence to the view 
that such minute organic masses of microccoci or fungous spores may give 
origin to abscesses, carbuncles, and boils. 

As two-thirds of all the pulmonary diseases on shore arise from vitiated 
air, the rule holds good on shipboard in a much greater degree. Cold and 
damp furnish to the sick-returns the acute, subacute, and chronic rheu- 
matisms, and sequent heart disease. 

The increase in diseases of the digestive, nervous, and circulatory 
apparatus and systems among firemen on shipboard has arisen since the 
introduction of steam as a motor for sliips. Insolation and heat-exhaus- 
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t ion occur frequently on shipboard, especially on steamers. Accoi-diiig- to 
Naylor, a cloudy day with a moist air favors its occui*reiice. 

The great foes of the sailor are impure air and moist air. The medical 
history of any ship may be written if these two factors only are given. 
The limits of these pages would not contain the names of authors — 
omitting even the details of facts that bear upon these points — who have 
demonstrated the truth of this assertion, viz., that " a damp ship is an 
unhealthy ship." i 

The transportation of venereal diseases and their sequent propagation by 
sailors is a matter of history. Its spread in the New World through the 
instrumentality of the navigators of the fourteenth century, and its intro- 
duction into the islands of the Pacific, date from the arrival of the dis- 
coverers. It has with the inhabitants of these islands become the source 
of their national decay. In the discussion of the mode of propagation 
of this disease and the preventive measures deemed necessary, too much 
of the " high moral element " and the like unmitigated bosh has been 
interjected by the reverend element in the community. Venereal affec- 
tions are' diseases, and require to be studied in their physiological relations 
primarily, rather than in their moral aspects. The normal man, upon be- 
coming affected by this poison, presents to the pathologist subjects of 
study in every tissue of the body. 

More than that, its lethal influence is seen in the modifications of both 
structure and function in descent, and in the increased death-rates of such 
as are affected by hereditary transmission. No one is free from the dan- 
gers of its loathsomeness; the healthy and the robust may become 
affected; the physically strong, the mentally energetic, are alike exposed 
to its prematurely decaying influences. These diseases are no more so- 
cial evils than small-pox or scarlet fever, and they should be dealt with in 
like manner by sanitary legislation. Their prevention may be expected 
with the Millennium — not before, — but their restriction is much within the 
power of the law-makers. It has been stated that such restrictive meas- 
ures as would prevent its propagation would seriously interfere with the 
so-called " libert}^ of the individual." The sale of poisons is restricted by 
law, and it does not materially affect this liberty; the right to carry on an 
avocation destructive to the life and health of one's neighbor is also 
limited; and how much more should this, Avhich diminishes the well-being 
not only of individuals, but also of communities and nations ? It is 
known from observation that about one-fourth of the diseases of seamen 
are venereal in character, and this number would no doubt be increased, 
were all the cases known, for there are many that escape scrutiny. It 
•should be made part of the duty of all medical officers of the navy to ex- 
amine men going on shore on liberty, to discover if they are affected with 
any venereal affections likely to be propagated, and to place them under 
medical care. Elsewhere in this chapter the writer has alluded to the 
necessity for the physical examination of seamen for the merchant marine. 
If for nothing else, this examination should be made for the purpose of 
detecting any of these diseases, and, upon their discovery, of subjecting 
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the sick man to medical observation and treatment. The necessity for 
such inspection of sailors, in order to find out those who are affected with 
primary lesions, and then to prevent them from propagating these diseases, 
needs no argument from the writer; it appears to him to be self-evident, 
axiomatic, and he can find no words too trenchant or too sledge-hammer- 
like in cogency wherewith to drive home his convictions with regard to 
this truth. 

Ilosjntals in the merchant marine, according to the statute (Sec. 4254), 
shall not occupy more than 100 superficial feet of deck or platform. The 
sick-bay or hospital on naval vessels is located forward on the berth-deck. 
Human devilishness could hardly have suggested a more unfit place for 
the treatment of the sick or wounded. It should be removed to amid- 
ships in single-decked vessels, and in double-decked vessels the topgallant 
forecastle should be prepared for the sick-bay. The diseases most fre- 
quent and prevalent at sea have this advantage, that they are more the 
subjects of prevention than most others, because they depend upon re- 
mote causes that are assignable, and which increase or diminish according 
to certain circumstances, which are in a great measure within our power. 

I^ra(/ments. 

A word in regard to anchorages in unhealthy localities. Anchor as 
far from marshes as possible, or give plenty of water between the ship 
and shore, if necessity compels an anchorage to leeward of a marsh. Blane 
cites an instance where a hundred yards in a roadstead made a difference 
in the health of the crew of a ship at anchor, by her being under the lee 
of a marsh in one situation and not in another. 

The subject of the ventilation and dryness of vessels carrying grain, 
fi'uits, and other perishable articles, as well as cargoes of hides, guano, 
coal oil, sugar, molasses, coffee, etc., is one of financial interest alike to 
owner and merchant. It is certain that dryness tends to the preservation 
of perishable cargoes, and that ventilation also tends to lessen the active 
decay that occurs in hot closed holds. To secure such ventilation to 
cargoes, but for no other general use, the writer is of the opinion that 
the system, known as the " automatic tubular ship-rudder," is especially 
adapted. 

Turnbull's five cardinal directions for all vessels were: 1st. To keej) 
dry. 2d. To keep clean. 3d. To avoid cold and fatigue. 4th. To keej) 
warm in winter; and 5th, To keep regular discipline. 

The writer, before he pipes " Belay " to this chapter, which has oc- 
cupied his few spare hours granted from official duty, desires to close 
with a quotation from Sir Gilbert Blane, to which he heartily assents, 
for Blane desired and asked that they might become part of public in- 
structions, and not be left to the so-called discretion of the commanding 
officer, and he calls such a regulation " a legal necessity." 

" I hardly ever knew a ship's company become sickly which was well 
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regulated in point of cleanliness and dryness. It is the custom in some 
ships to divide the crew into squads or divisions, under the inspection of 
respective officers, who make a weekly review of their persons and cloth- 
ing, and are answerable for the cleanliness and regularity of their several 
allotments. This ought to be an indispensable duty in ships of two or 
three decks ; and when it has been practised, and at the same time ven- 
tilation, cleanliness and dryness below and between decks have been at- 
tended to, I have never known seamen more unhealthy than other men. 
The nej'-lcct of such attentions is a never-failing cause of sickness." 
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Perhaps the best introduction to a discussion of the hygiene of mines 
is a sketch of the work, habits, and mode of Hfe of the party chiefly affect- 
ed by it — the working miner. It is premised that the word " mine " in 
this paper is used in its ordinary sense, as referring to a subterranean ex- 
cavation, of greater or less extent, and that though substantially the same 
class of hygienic conditions is to be found in all mines, the ones considered 
in this paper are those especially pertaining to coal-mines. 

The working miner, then, usually devotes his whole life to that occu- 
pation. He frequently, perhaps generally, begins at the age of from eight 
to twelve years as a "slate-picker" in the breaker — the building in which 
the coal is prepared for market — where his business is to sit all day, with 
twenty or thirty companions of about his own age, and pick out fragments 
of slate from a thin stream of coal constantly flowing past him. The place 
in which he works is apt to be more or less open and exposed to draughts. 
His clothing consists of shirt and pantaloons, usually old and ragged; a 
battered cap and a pair of coarse shoes — the last often omitted in summer. 
His whole costume, whatever its original color, is soon stained a uniform 
black by the thick cloud of coal-dust which fills the breaker, filters through 
his clothing and begrimes his skin, and which forms a large component 
part of the atmosphere he breathes. As boy and man, his invariable 
practice at the close of every working day is to wash himself thoroughly 
from head to foot, a custom to which his hardiness and generally rugged 
health in early life are to be largely attributed. His diet, as boy and man, 
is simple. Pork, salt fish, potatoes, and home-made bread are its staple 
constituents; but when work is good and money sufficient, all the luxuries 
of the local market are to be found on the miner's table. He learns to 
smoke and chew tobacco at an early age, has few or no scruples against 
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the use of either malt or alcoholic liquors, and withal grows up to be a 
lusty, sinewy youth, who seldom troubles the doctors, unless overtaken by 
one of the numerous accidents to which his own recklessness not less than 
his somewhat dangerous occupation exposes hini. At the age of eighteen 
or twenty, if he has not previously entered the mine as a driver, or for 
some other description of boys' work, he goes in as a " laborer," becoming 
in effect, though not in name, an apprentice to a practical miner, with 
duties so nearly the same as those of his " boss," that, for the purposes of 
this article, they may be considered identical. 

The miner gets to his work shortly before seven o'clock in the morning, 
if on the " day shift," or between five and six in the evening, if on the 
"night shift." He is dressed in flannel shirt, woollen or heavy duck pan- 
taloons, heavy shoes or boots, and usually with a coat thrown loosely over 
his shoulders. On his head he wears a cap, a slouch hat, or a helmet 
shaped like a fireman's, but of smaller dimensions. Whatever the head- 
gear, his lamp, a small tin one shaped like a miniature coffee-pot, swings 
by a hook over the visor; unless the place in which he works is "fiery," 
when he carries a safety-lamp in his hand. His dinner-can and canteen 
of water or cold tea are swung from a strap passing over his shoulders. 
Thus equipped he rides down the shaft or the slope, and, if he is lucky 
enough to catch a train of empty mine-wagons going to his working- 
place, he " rides in," a distance, it may be, of two or three miles from the 
foot of the shaft. If no wagons are at hand, he walks, most of the way 
through water and slush, taking small account of wet feet, or indeed of 
wet clothing at any time, though the roof over him may drip all day long. 
It is an exceptional case if he wears a rubber or oil-cloth suit, even in the 
wettest places. 

Two miners, or two miners and a laborer, form a gang, and their work 
is an alternation of exhausting physical labor and intervals of rest. They 
work with drilling-bar, powder, and pick, getting down the coal and 
breaking it to a size small enough to handle; with drills, preparing and 
charging a hole for blasting; with shovels, clearing away the coal and get- 
ting it into the mine-cars to be sent to the surface; and then, when a par- 
ticular job is done, or a blast is to be fired, they repair to the nearest place 
of safety, and in their overheated condition sit down in the cold, damp 
draught of the ventilating current to cool off as rapidly as possible. Is it 
any wonder that rheumatism, consumption, and " miner's asthma," are the 
common ailments amono- them ? In walkino' to and from his work alono- 
the mine gangway, the miner tries to step on the sills on which the track 
is laid, thus avoiding the hollows worn by the mules' feet between the sills; 
and as these are laid from two and a half to three and a half feet apart, the 
effort gives him a long, slow, swinging gait, the head being thrown for- 
ward to counterbalance the body. The same posture is found best for 
traversing the "manways" and other smaller passages, the long stride 
being advantageous in picking the way over rough and uncertain ground, 
while the bent head escapes projections of the roof, and permits the light 
of the lamp in the miner's cap to fall on the ground at his feet. The habit 



UYGLENE OF COAL-MINES. 



231 



becomes fixed, and the old miner may always be known by his bent shoul- 
ders and swinging- stride. That this unnatural compression of the chest 
cannot but be injurious is evident. 

Among the most laborious of the miner's duties is setting the timbers 
which support the roof. The gangway, or general passage-way of the 
mine, is usually from seven to ten feet in height, and about the same in 
width, seldom falling below these dimensions in American mines, where 
thick beds of coal are worked and the cars are drawn by mule or locomo- 
tive power, though in the thin beds of England and Wales, they are 
often so small that a man cannot stand upright in them. "The gangway 
timbers," unless the rock and coal are unusually solid, consist of a prop 
on each side, with a cross-piece uniting them. They are from 10 to 15 
inches thick, of length adapted to the dimensions of the gangway, and 
being of green wood, are correspondingly heavy, weighing from 300 to 
500 pounds, according to size. Yet three men are expected not only to 
set the side-pieces, but to lift the heavy cross-beam into position far 
above their heads, and fix it there. The Avork is so hard, performed as 
it is beyond the " brattice " which supplies fresh air, in an atmosphere 
more or less charged with powder-smoke and carbonic acid gas, that, by 
the time it is done, all three are thoroughly exhausted and overheated, 
and in most favorable condition for the reception of colds, lung disorders, 
and rheumatism. If working in a steeply pitching " breast," ' though the 
timbers used are not so large, they are quite large enough to tax the 
strength of the two men who have to get them up a steep and difficult 
" manway " by sheer lifting and pulling. In this way, which is almost 
like working up through a chimney, timbers averaging perhaps eight feet 
long by six inches thick are carried to the top of the " breast," which 
may be from sixty to eighty yards above the gangway level. 

Mention has been made of the " brattice." This is a highly important 
aid to the ventilation of the mine. It is an air-tight partition, generally 
carried along one side of the gangway, though sometimes over its top, 
and so arranged witli reference to the ventilating current, that the fresh 
air is carried along one side of it, while the impure air, which is to be 
withdrawn, passes along the other. Its object is to keep up a circulation 
of air in the recess formed by advancing operations at the " face " of the 
workings. As every passage or chamber is pushed forward into the solid 
coal or rock, it necessarily forms a bay, in which the air is always stag- 
nant, unless moved by some such appliance as the " brattice." Commu- 
nicating passages, called " headings," are made between the working- 
chambers, about thirty yards apart, for the same purpose; but as the 
chamber is opened beyond the " heading," a " brattice " becomes neces- 



' In steeply pitching breasts of great thickness— say, like the Mammoth Vein in 
Pennsylvania— timbers are not used, but the miner works the coal on benches, and 
works from the top rock downward, having his breast constantly full of coal, on 
which he stands. In coal-beds of ordinary thickness, say, ten feet and less, these tim- 
bers are used. 
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sary here also. One great cause of impurity in the atmosphere in which 
the miner works is that the brattice is frequently neglected, and the 
work pushed so far beyond it that it ceases almost entirely to affect the 
air at the " face," which then becomes loaded with powder-smoke and 
carbonic acid, or, in fiery mines, carburetted hydrogen. In either case the 
effect on the miner's health is most injurious. 

Of course the principal occupation of the coal-miner is cutting and 
getting out coal, and here again his work is performed under disadvantage- 
ous circumstances as regards the preservation of health. Much of it con- 
sists in lying on the side, "holing under" the mass in a low cut, where 
every stroke of the pick dislodges a fresh shower of dust, to be inhaled 
by the miner. Other portions consist of straining at arm's length to dis- 
lodge a mass hanging from the roof, of lifting and tugging at heavy 
weights, of shovelling continuously, hour after hour (where coal has to be 
shovelled into the mine-cars, the filling of from eight to ten cars, holding 
three tons each, is considered a day's work for a laborer), and of swinging 
a heavy sledge in drilling by hand-power. His footing is frequently un- 
steady, having to be maintained on a steeply pitching floor of smooth slate, 
so that, as a miner once expressed it to a friend of the writer, " it is 
very much like asking a man to stand on the roof of a house while work- 
ing." There are chasms under foot and loose rocks overhead, equally to 
be avoided, and the whole shrouded in a darkness which the miner's lamp 
reduces only to a semi-obscurity, and which hides without removing the 
danger. 

The miner's life when not at work also has its effect on his general 
health, and, as with every other class of men, this varies according to the 
tastes and temperament of the individual. His house is of frame, plainly 
but conveniently built, and furnished with the necessary conveniences of 
life. Being situated in the countr}^ and in a section where land is of 
little value for either building or agricultural purposes, there is plenty of 
space about the house, and fresh air in abundance. Even the close neigh- 
borhood of frequent hog-pens and occasional stables, and the universal 
practice of emptying slops from the house on the ground at the back 
door, have little or no deleterious effect, being neutralized by the abun- 
dance of pure air with which their odors and gases mingle. 

The miner's first care on coming from Avork is to take a tub-bath, 
cleansing his skin thoroughly. He then dresses in a clean suit, eats his 
supper, and is ready for the duties and amusements of the evening, both 
of which are few and simple. Usually the male inhabitants of the 
" patch " gather in groups in the open air, in the village store, or in the 
omnipresent saloon, and smoke and talk, until the coming of an early 
bed-time sends them home. Comparatively little drinking is indulged in 
except on pay-day, which comes once a month, and is celebrated by the 
drinking classes with a " spree." In this particular the miner's nation- 
ality makes itself seen. While men of all nations may be found drinking 
to intoxication, the practice as a race is confined to the Irish. There are 
few of American descent among the miners, and these are generally found 
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among^ the best and steadiest of their class. The Irish are the most 
numerous, and they are fond of liquor, drink to excess, and are very 
quarrelsome when drunk. Terrible fights often accompany a pay-day 
spree among them. Next to the Irish, in numbers, are the Welsh, a tem- 
perate, thrifty and intelligent race, who form a valuable element in the 
population. They are industrious and economical, generally succeed in 
securing homes of their own, which they delight in beautifying and keep- 
ing in order, and are apt to be found in positions of trust and authority 
in later life. Germans and Poles, too, are industrious and economical, 
but less intelligent and less temperate than the Welsh, more careless in 
their personal habits, and utterly regardless of the laws of health. They 
eat unwholesome food, sleep in ill-ventilated rooms, and early acquire a 
sallow, unhealthy appearance. Nevertheless, their active occupation 
and the enforced cleanliness of the " shifting-suit " counteract many of 
the ill effects of their mode of living, and they will probably be found to 
average as long lives as the other races. Less numerous, though mak- 
ing up the bulk of the population in certain localities, are Scotch, Eng- 
lish, and Italian miners. The last are much like the Irish in habits, while 
the others hold an intermediate place between them and the Welsh. It 
is of course to be understood that these remarks apply in general to the 
nationalities; there are very good workmen and excellent citizens in all 
classes, and, similarly, there are worthless characters in all; but the gen- 
eral tendency will be found as has been stated. As in every other occu- 
pation, personal habits have their effect on the constitution, and pre- 
dispose it to invite or to repel disease. Thus, drunkenness causes gray 
tuberculosis, which, with the inhalation of dust and noxious gases, pre- 
disposes to consumption, a very common disease in mining towns. 

One of the most prominent conditions of a miner's working life — cer- 
tainly the first to be noticed by the casual visitor — is the absence of sun- 
light, a very deleterious condition as many physicians and engineers of 
large practical experience consider it, while others as positively deny that 
it has any injurious effect. Dr. J. T. Carpenter, of Pottsville, in a paper 
read before the Schuylkill County Medical Society, says (Transactions 
Med. Soc. of Pennsylvania, 18C8-9, p. 488) : "The deprivation of sun- 
light must be a very strongly predisposing cause of disease. It is to be 
expected that the results of this deprivation will become apparent in gen- 
eral an.iemia, in chronic nervous irritations, in tendencies (easily to be de- 
veloped by exciting causes) toward scrofula, tubercular phthisis, and 
allied maladies." Other practitioners, however, assert that the depriva- 
tion of sunlight is among the least of the miners' afflictions ; that no in- 
jurious effects from it are perceptible, and that no acute diseasr can be 
traced either wholly or in part to this cause ; while physicians " ill prob- 
ably continue to differ forever as to whether or not absence fr ' sunlight 
during all the working hours predisposes to or prolongs any chronic com- 
plaint. In this connection it must be borne in mind that the miners' 
work is carried on wholly by artificial light, and that usually of a very 
poor quality. Not the faintest ray of sunlight can penetrate to him, and 
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about the first thing the unaccustomed visitor usually remarks is that it 
so very dark. It needs but a slight exercise of the imagination to per- 
suade him that he has at last found a sample of that " thick darkness 
that might be felt" which once visited the land of. Egypt. 

In the winter season, especially when the mines are working " full 
time," their inmates, as a rule, see but little of the sun during their 
working days. They enter the mine before sunrise, and quit it after sun- 
set. It is, however, a very common practice among them to work " week 
about," one week by day and the next week by night. In this case they 
have at least from four to six hours of every day's daylight during their 
night week, and in any case they usually spend Sunday above ground. 
They do not complain of want of sunshine, and it is difficult to trace any 
ill effects of its absence upon them. Their complexions are pale, but not 
more so than those of persons who work at night, or in shaded rooms 
above ground ; and their eyesight, as a general thing, considering the 
miserable light they have to work by, is remarkably good. Few miners 
are compelled to wear eye-glasses, for either working or reading, before 
reaching old age. 

But though *the deprivation of sunlight may be a matter of dispute, 
so far as the actinic effect is concerned, there can be no question that the 
quality of the light by which the miner works has a most important bear- 
ing on the subject of his liability to accidental injury or death. The 
best light that has yet been devised for his use is the common tin lamp 
above described, fed with fish-oil, or with a mixture of whale and coal-oils. 
This lamp yields a light about equal in practical use to that of three sperm 
candles, and when carried on the miner's head gives him all the light he 
needs in traversing the galleries of the mine, its elevated position showing 
him every projection of the low roof, and every piece of loose coal or 
rock that may threaten him, while at the same time his eyes are shielded 
from its glare, and his hands are left free to work or carry his tools. In 
his working-jolaces, however, and especially in the immense chambers so 
frequently met with in the Pennsylvania anthracite mines, it is very dif- 
ferent. Where the thicker beds of coal are worked, or where the rock 
partition between the workings in one bed and those in a superincumbent 
one has been broken through, it is not uncommon to find chambers 30 
feet wide by 100 feet long (occasionally even doubling these dimensions), 
with a ceiling 30, 40, or, in extreme cases, GO feet or more in height. 
Two or at most three miners' lamps are expected to illuminate so much 
of this immense space as to enable the miners working in it to see 
whether the effects of blasting or the natural working of the strata have 
loosened any pieces of rock or coal, which are likely to come tumbling 
down upon them, as well as to make all secure, and to prosecute their 
work of dislodging and getting out the coal to the best advantage. It is 
true that the above description applies only to chambers which are nearly 
worked out, in " flat-pitching " beds of great thickness, and that in the 
majority of cases miners are enabled to keep their work within narrower 
limits than these; but it is also t7-ue that hundreds of men work in just 
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such situations as are here described, and whatever advantage may be de- 
rived from ability to keep close to their work is too often counterbalanced 
by the use of safety-lamps, which are made necessary by the presence of 
explosive gas, and which give a light scarcely equal to one-tenth that of 
the naked lamp. 

In some mines, where the coal-beds lie horizontally or at a low^ angle 
with the horizon, there is room to accumulate waste matter, and many 
tons of rock, slate, refuse coal, decaying wood, and all the waste material 
of the mine, are thrown in heaps called "the gob;" and in bituminous 
and semi-bituminous mines, where the coal is soft and disposed to gen- 
erate heat, the " gob " frequently raises the temperature of the surround- 
ing workings, and occasionally even reaches the point of spontaneous 
combustion. In steeply pitching mines this is not the case, as then all. 
the contents of the chambers gravitate to the gangway, and the "gob" 
must be carried out with the coal. Where " gob " accumulates, however, 
where the iron pyrites commonly found in coal are decomposed by the 
action of water, and where decomposing organic matter contributes its 
quota of heat, the temperature is raised, and if the air-current is sluggish, 
that portion of the mine may become oppressively hot. The heat thus 
generated produces a gas which English miners call "stythe," very in- 
jurious to the health of the workingmen. If now the miner, after work- 
ing in this heated atmosphere, exposes himself unguardedly to the cooler 
air of the gangways, or places himself in the draught of the ventilating 
current, he runs the same risk which exposure to similar conditions would 
involve on the surface of the earth — no more and no less. The careful 
miner protects himself by putting on the coat which he has thrown aside 
while at work, before he reaches the gangway. The careless one takes 
the risk and the consequences. 

The gases found in coal-mines give rise to a class of evils peculiar to the 
business, and most fatal in their consequences. They arc the miner's most 
deadly and most insidious foe, and, unless guarded against by thorough ven- 
tilation, his most dangerous one. Disease contracted by exposure, or sud- 
den death from the fall of tons of rock and coal, is too often due to the fault 
of the sufferer himself, and the consequences of his folly generally fall upon 
himself alone; his fellow-workmen are not involved in the destruction 
which overtakes the too careless or too venturesome individual; but not 
so with the gases. A single ignorant, drunken, or reckless miner may in 
a moment fire the charge that shall hurl a hundred into eternity; nor do 
the fatal consequences of the rash act cease with the flame and shock of 
the explosion; the " after-damp" is even more deadly than the fire-damp, 
and often carries death not only to those who have survived the explo- 
sion, but to the brave bands of rescuers who are always ready to rush to 
the assistance of the sufferers before the atmosphere of the mine has been 
restored to a condition fit to sustain life. 

R. C. Taylor (Statistics of Coal, p. 99, ed. 1855) gives the following 
table of mine-gases and their relative specific gravity: 
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Sp. gr. 

Carburetted hydrogen ("fire-damp") 0.558 

Azote or nitrogen gas 0.076 

Atmospheric air 1.000 

Sulphuretted hydrogen 1.19] 

Carbonic acid gas ("choke-damp") 1.524 



Arsenical and mercurial vapors (not determined). 

Hon. Andrew Roy, State Mine Inspector of Ohio (Third Ann. Rep., p. 
87, 1876) says: 

" The noxious and poisonous gases of mines are fire-damp (light car- 
buretted hydrogen gas), black-damp (carbonic acid gas), white-damp (car- 
bonic oxide gas), and sulphuretted hydrogen gas, also called white-damp 
by the miners." These are all noxious gases and not to be trifled with; 
but by far the most important are fire-damp and black-damp, the latter 
also called " after-damp " (though not correctly so in a strict sense) be- 
cause it, mingled with nitrogen and steam, invariably follows an explo- 
sion of fire-damp. Carburetted hydrogen is one of the most common 
gases of nature. It is the marsh-gas which rises from the decomposing 
vegetable matter in swamps, and forms the " will o' the wisp " of the 
belated wanderer. It abounds in certain rocks, and is very abundant in 
the carboniferous strata; but its most conspicuous display is to be seen 
in the enormously productive " gas-wells " of the Pennsylvania oil-region, 
where millions of cubic feet are daily given off. There is comparatively 
little of it in American mines as yet, but more will probably be found as 
the mines go deeper. It is more abundant in bituminous than in anthra- 
cite coal, and in deep workings than in shallow ones. None of the Ameri- 
can bituminous mines, though fatal explosions have occurred there, have 
as yet penetrated far enough to set this gas free in the dangerous quanti- 
ties which have so often made fiery furnaces of the English mines; and 
though a number of fatal explosions have occurred in the deeper-worked 
anthracite pits, they have been limited in character and are growing rarer 
year by year as the science of mining is more fully understood and the 
art of ventilation more carefully applied. 

The common name of this gas, " fire-damp," is doubtless derived from 
its observed phenomena. Mixed with common air in the proportion of 
one part of carburetted hydrogen to seven or eight of air, it becomes vio- 
lentl}"- explosive, filling the chambers and galleries in which it ignites with 
an intensely hot flame, accompanied by an enormous expansion of the 
gas and followed by an equally violent contraction — or, more correctly 
speaking, by a vacuum which the surrounding atmosphere rushes in to fill. 
Its chemical effects are the direct production of the vapors of water and 
carbonic acid, and the separation of azote or nitrogen. (Taylor, p. 102.) 

At an inquiry into the cause of a disastrous explosion in Lancashire, 
England, in October, 1877, where the knowledge and experience of the best 
engineers and mine inspectors in England were consulted, it was found 
that carburetted hydrogen will not explode unless mixed with at least six 
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times its bulk of atmospheric air, nor when diluted with fourteen times 
its bulk of air; its greatest explosive force is when combined in the pro- 
portion of one part of gas to from seven to ten of air. ^^^hen this mix- 
ture is fired it suddenly expands to 1,700 times its former volume, or, if 
confined, exerts a pressure of 200 pounds to the square inch, while the 
temperature rises to 1500° Fahrenheit. The sudden and violent expan- 
sion drives before it all the atmospheric air which is not consumed, and 
leaves the workings filled with a compound of 

Nitrogen Eight parts. 

Carbonic acid gas Two " 

Watery vapor (steam) One part. 

a mixture fatal to all kinds of life. In less violent explosions a portion 
of atmospheric air may remain and mingle with the after-damp, in which 
case there is less danger of innnediate as})hyxia to those who may be in 
the workings. At the same inquest it was found that a safety-lamp 
may not be moved through an explosive mixture at a greater speed than 
eight feet a second, as at a higher rate the flame of the lamp will be 
forced through the gauze meshes which protect it. The explosion in 
question was thought to have been caused by a boy carrying a safety- 
lamp at a rate of five feet a second against an air-current heavily loaded 
with gas, which was moving at the rate of eight feet per second. The 
direction taken by an explosion of fire-damp is always contrary to that of 
the ventilating current ; that is, it travels toward the downcast shaft, and 
in this way it frequently reverses the current, causing the downcast shaft 
to become the upcast, and vice versd. This is probably caused by the fact 
that the supply of oxygen which feeds the flame comes in with the air- 
current, and is followed back toward its source. Mr. Dickinson, Govern- 
ment Inspector of Coal-Mines in England, testified before a parliamentary 
committee of inquiry in 1853, that pure fire-damp is neither inflammable 
nor respirable ; two men in his district had been suffocated by inhaling a 
strong admixture of it. The effect was to quicken the pulse ; he had 
tried his own pulse before going into a mixture of fire-damp ; it beat 78 ; 
after breathing the vitiated air for a few minutes the pulsations ran up to 
84 ; he tried a manager's pulse, and found it ran up from 80 to 84 ; he 
tried a fireman's pulse, it was at the unusual height of 120, and ran up to 
120 ; the gas in which these experiments were tried was so pure that it 
could only be fired at the edges, where it came in contact with air, and a 
person could live in it only a few minutes. In this connection the follow- 
ing practical experience, related by Edward Herbert, of St. Clair, Penn- 
sylvania, an old practical miner, is of great value. Mr. Herbert was 
asked if he had ever been "blown up" by a fire-damp explosion. He 
replied : " Oh yes, a few times, but I never was hurt much ; " and then 
gave the following as his experience with mine-explosions : " I have oc- 
occasionally gone into fire-damp (carburetted hydrogen) so pure that it 
could not explode except at the edges, where it mixed with the air. I 
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never went far, and I never stayed long, and I always shut my eyes and 
held my breath until I came out again — just went in a little way to get 
my tools, or something like that. When 1 happen to be in an explosion, 
my practice is to shut my eyes, hold my breath, and try to get as near 
the floor of the mine as possible. Men are often so scared when they see 
the fire flash, that they open their mouths and holler ; then they inhale 
the flame, and that kills them ; it burns their lungs and they never get 
over it. I have known men to drink a quart of fish-oil after inhaling the 
fire, but it didn't do any good. Miners can always tell when there has 
been an explosion, though they may not have heard or seen it ; there is a 
peculiar sensation, a certain feeling in the air as if it was being drawn 
away from you, and then they know what has happened. Now, the books 
tell you that after an explosion ' black-damp ' gathers along the floor of 
the mine, and suffocates the men who have been knocked down but not 
killed by the explosion. I never found it so. I have helped to get out 
lots of men hurt by explosions, and we always found we got along 
best close to the bottom. Another queer thing about an explosion of 
gas is, that just where you would expect it to have the most effect it has 
none at all. I have known men to be driving gangway, for instance, and 
get so far beyond the air-current that fire-damp would gather in the ' face.' 
(The " face " of a miner's working is the wall of coal or rock at which he is 
digging.) By and by some careless fellow would fire the gas, and men 
fifty or sixty feet back along the gangway would be burned to death, 
while those close to the face would not be hurt. The force of the explo- 
sion always travels against the air-current, and that little bit of motion- 
less air at the face was left untouched, while the blast went out into the 
back workings. It does not even give the men in the face that shock 
that is felt by those who may be near, but not in its path farther out. I 
remember once I was driving a ' heading ' from one chamber to another, 
when the gas fired behind me. I was not hurt or stunned, but the fire 
went out into the chamber my heading opened into. I ran right out 
after the fire and jumped down the breast into the gangway, where I 
found fresh air. A man can live a little while in after-damp, but he 
must not stay in it long." 

It is frequently the case also that the first explosion is followed by 
others of less magnitude, but still dangerous. The first blast ignites 
"blowers" or streams of gas issuing from crevices, and these, as soon as 
a fresh explosive mixture of gas and air is formed, ignite and explode it. 
In one case which came under the writer's notice a mass of burning coal 
fired the gas, which exploded every fifty-five minutes with the greatest 
regularity and with great violence, shattering woodwork, dislodging large 
masses of coal and rock, and greatly damaging the mine. It took fifty- 
five minutes for enough gas to accumulate and for enough air to flow 
into the mine to form an explosive mixture. It is of rare occurrence that 
an explosion is so violent as to involve the whole of a mine in its action. 
It is usually circumscribed within a restricted area,, and men may sometimes, 
if quick-witted, take such precautions as will carry them safely through 
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the midst of it. In the Wadesville explosion, elsewhere mentioned, a 
laborer, named Edward Weaklam, was engaged in loading a car, standing 
for that purpose on a low platform beside the gangway. To use his 
own words, he " saw the fire coming down the breast," and, quickly drop- 
ping off the platform, threw himself prone on the track of the gangway, 
grasping the iron rails with both hands. The explosion passed over him, 
leaving him unharmed, and, after it had spent its force, he groped his 
way to a purer atmosphere. Another, less fortunate, was held do\vKi)y 
a mass of coal until suffocated by the carbonic acid gas. A man cah- 
easily hold his breath during the short time required for the passage 
of an explosion, and even if he cannot drop below the region of the fire- 
damp, it is well to hold the breath, and thereby avoid inhaling the flame, 
which may cause death while the external injuries are of a superficial 
character. (See Herbert's remarks above.) The medical treatment of 
sufferers by an explosion is the same as in other cases of burning ; but it 
frequently happens that the victim, besides being burned, is injured by 
the shock, or by the force of solid bodies broken from the roof or hurled 
against him from some other direction. The force of the explosion is not 
less to be dreaded than its heat. When violent, everything breakable 
within its area is shattered ; cars are propelled rapidly along the track 
for hundreds of yards, and if not thrown off by the impulse or by contact 
with some obstruction, are hurled back with equal force by the after- 
shock, to be dashed to pieces at last against the wall of the mine ; and 
cases are frequent in which unfortunate men, caught by the full sweep of 
the blast, are hurled against the wall with a force that instantly kills 
them. In mines where this gas is found it is constantly escaping through 
cracks and fissures in the coal and its surrounding strata, often in such 
quantities as to make a hissing or rushing noise, while sometimes it ap- 
pears to force its way through the solid coal itself with such violence as 
to force scales to fly off with a crackling noise from the general mass. 
" At the Prospect Shaft, near Wilkesbarre — probably the most fiery 
mine in the (Pennsylvania anthracite) coal-field — the make of gas has 
been so rapid that with a current of air from 20,000 to 30,000 cubic feet 
per minute passing through the gangway — twelve feet wide by seven high 
— it was impossible to proceed more than ten feet beyond the cross-head- 
ing connecting the gangway and parallel air-way, without putting in 
bratticing to carry the air up to the face ; or with such bratticing — divid- 
ing the gangway into two parts, each six feet by seven feet, the velocity 
of air-currents being from 500 to 600 feet per minute — the gas would 
ignite at the face when the distance from the face of the gangway to the 
bratticing was more than fifteen feet. With such a prodigious discharge 
of carburctted hydrogen almost every blast would ignite it, and if the 
promptest measures were not taken the coal was quickly aflame." (R, P. 
Rothwell, M.E., Trans. Am. Inst, Mining Engineers, Vol. IV,, p. 59.) 
The fact that a mine can be safely worked and blasting-powder freely 
used under such circumstances, is strong proof that fire-damp explosions 
nowadays are always due to somebody's ignorance or recklessness. In 
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the present state of mining science, however, the danger of fire-damp ex- 
plosions is much less in new workings than in old ones. In recent exca- 
vations, the top and sides of the mine are comparatively fair and smooth, 
the workings of nearly a uniform height, the passages unobstructed, and 
there are few cavities in which the gas as it escapes can find lodgement 
and accumulate ; while in older mines, especially if the coal is thick, the 
chambers are apt to be of irregular height, masses of rock and slate fall 
from the roof, leaving holes in which the ventilating current cannot cir- 
culate, and here the carburetted hydrogen, which from its light specific 
gravity rises to the highest attainable point, finds ready lodgement. While 
it remains there, if sufficiently high to be out of the reach of the miner's 
lamp, it is harmless ; but continued accumulation soon forces it down, 
and in time causes it to fill the whole mine ; or, more dangerous still, a 
sudden fall of material from the top may carry down the gas with it, to 
ignite on the lamps of the men below. It was such a combination as 
this that caused the explosion at the Wadesville shaft, near Pottsville, 
May 9, 1877, in which five men were killed by the explosion of fire-dam}), 
and one suffocated by after-damp. A searching investigation showed 
that the part of the mine in which the explosion took place was old and 
worked out. A few men were engaged in " robbing back " — taking out 
all the remaining pillars and supports — and in the course of their work 
(and contrary to express orders) had removed a door which served to 
divert the ventilating current into their workings. This permitted the air 
to stagnate and fire-damp to gather in some large holes in the roof of the 
mine a little way from them. Where the men were working the air was 
pure enough to permit their using naked lights ; but on the next morning 
after the door was removed a fall of rock occurred, the accumulated gas 
was forced down and through the workings until it reached their lamps, 
and an instant explosion followed. 

It is a fact long known, but not sufficiently taken into account in 
mining operations, that the probability of an explosion of fire-damp is as 
readily foretold by the barometer as a gale of wind or a storm of rain. 
An English report quoted by Taylor (p. 110), says: "The combined in- 
dications of the barometer, thermometer, and wind, tell the state of a 
mine with the greatest nicety. When the barometer indicates a fall, the 
thermometer a rise, and the wind blows from the E.S.E. or south (in 
England), an ordinary fiery colliery will be certain to pass rapidly into a 
state of great danger." And Taylor adds: "The fall of the barometer is 
a sure presage of increasing discharge of inflammable gas; for when the 
barometer stands steadily — say at 29° — and the pressure is uniform, noth- 
ing exudes but the ordinary 'makings' of the mine; but when a sudden 
fall of the barometer portends a lightening of the atmosphere, and conse- 
quently a pressure upon the orifices whence the gas escapes, or upon the 
main body accumulated in the waste, then it is that extraordinary erup- 
tions take place, enough to overpower and adulterate even the main cur- 
rent of air, and consequently to subject the mine to explosion." 

Since the establishment of the Weather Bureau of the United States 
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Signal Service, several propositions have been made lookino- to the estab- 
lishment of " danger signals " at the mines, by whicli warning of an ap- 
proaching area of low pressure might be given in time to let the miners 
escape, or adopt proper precautions for safety; but as yet nothing has 
been done. Many schemes for the safe lighting of fiery mines have also 
been proposed, but nothing yet invented has been found equal to the 
safety-lamp, unsatisfactory as it is. Of this lamp there are several varie- 
ties, differing in detail, but alike in general plan, and all defective in illu- 
minating power. A proposition which looked quite feasible on its face 
was made thirty or forty years ago, and has been revived at intervals 
since. It was simply to form reservoirs within the mine in which to store 
the exuding gas, and by means of suitable pipes to let it be conducted to 
all parts of the mine for illuminating purposes, thus lighting the mine and 
getting rid of the gas at one operation. The great objection to this plan, 
however, is that it calls for a greater supply of fresh air, to feed the flame, 
than is available in most mines, and produces an enormous amount of 
carbonic acid and nitrogen gases, thus adding greatly to the difficulties of 
ventilation. Another objection is, that the flow of gas is irregular, as just 
noted, and might at any time exceed the capacity of the reservoirs to hold 
it, or of the burners to consume it, in which case a terrible explosion 
might occur without warning. The latest proposition is the use of the 
electric liglit; and if this can be so controlled as to illuminate every 
working place at a moderate expense, and so arranged — by confinement 
in hermetically sealed globes or otherwise — as not to fire the gas, it is 
possible it may soon form an important adjunct to mining operations. 
Certainly in no other direction is there any indication of a light for 
miners' use that shall be at once brilliant, safe, free from deleterious 
effects, and not too costly for practical use. 

The immediate effect of an explosion of fire damp is to consume or ex- 
pel the oxygen in the section subject to its influence, and as its force is often 
so great as to break down partitions, and sometimes the solid coal itself, 
the air-currents are checked, deadened, or reversed. (At a mine in Saar- 
briick, Prussia, an explosion broke timbers eight inches in diameter 900 
feet from the scene. In a mine at Schaumburg, stones weighing more 
than a ton, the foundation of a machine weighing twelve tons, were dis- 
placed by an explosion.) Ventilation being thus destroyed, respiration 
is impossible; after-damp fills the mine, and carries suffocation to all who 
come within its influence. "This after-damp is formed of 

Eight parts of nitrogen, having a specific gravity of 0.9722, 
Two parts of aqueous vapor, 

One part of carbonic acid gas, specific gravity 1.5277." 

(This analysis differs slightly from that given on page 237). " The latter 
takes its place toward the bottom of the passages, and probably extends 
little more than six inches high. Hence it is inferred that when the men, . 
after an explosion, if not struck down at once by it, attempt to leave the 
Vol. II.— 1G 
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mine, through an atmosphere of after-damp, they are at first rendered 
partially insensible by the nitrogen, which has been substituted for 
atmospheric air, and then falling they come in contact with a still more 
deleterious gas, a positive poison — the carbonic acid gas — which, having 
inhaled to a small extent, they pass rapidly into a state of asphyxia, 
owing to the state to which their systems have been previously reduced" 
(Taylor). An instance of the rapidly fatal action of carbonic acid gas, 
also given by Taylor, has been quoted frequently, but may be mentioned 
here. At Creuzot, France, the workmen one morning entered a shaft, 
following each other down the ladder placed for their use. At the bot- 
tom a stratum of carbonic acid gas had accumulated during the night to 
the depth of several yards. The first man to reach the bottom dropped, 
asphyxiated, from the ladder, without having time to utter a cry. The 
second stooped to raise him, and shared his fate. Those Avho followed, 
not understanding the danger, w^ere prostrated, one after the other, as they 
strove to rescue their comrades, until the fifth man, an experienced miner, 
took the alarm, and obliged those behind him to reascend. 

The presence of carbonic acid gas is denoted by a dull flame on the 
miner's lamp, which is extinguished when the gas becomes abundant, for 
neither light nor life can exist in it. The flame, however, is extinguished 
before life is, so that the miner has time to withdraw after his lamp is put 
out, unless, as in the case of the Creuzot miners, the gas is present in over- 
whelming abundance. An important exception to this rule occurs when 
the carbonic acid is mixed with nitrogen. In that case life is extinguished 
while a light continues to burn. The symptoms of asphyxia are, a cessa- 
tion of respiration, of the pulsation of the heart, and of the action of all 
sensitive functions ; the countenance is swollen and marked with reddish 
spots; the eyes protrude, the features are discomposed, and the counte- 
nance often livid. In order to succor the victim, it is necessary to act 
promptly, vigorously, and perseveringly. The following general remedies 
are recommended by the South Shields committee, appointed in England 
in 1839, to investigate an explosion at the Hilda pit, by which fifty-two 
lives were lost: "Remove the patient immediately into purer air; undress 
and dash the body with cold water; if possible, make the patient swallow 
water slightly acidulated; administer clysters of two-thirds water and one- 
third vinegar, to be followed by others of a strong solution of common 
salt or of senna and epsom salts; inflate the lungs by artificial means. 
Should these means not produce the desired effect, and the body still re- 
tain its natural warmth, recourse must be had to bloodletting, which 
will be clearly indicated by the red face, swollen lips, and eyes protrud- 
ing. If blood fails to flow from the jugular vein, an attempt should be 
made in the foot; the last effort which can be made is to make an opening 
in the trachea and introduce air to the lungs by means of a small pipe 
and a pair of bellows. The absence of the beating of the pulse and the 
want of respiration are not certain signs of death, nor should all be re- 
garded as dead whose breath or pulmonary transpiration does not bedim 
the brightness of glass, nor those whose members appear stiff and in- 
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sensible." The miners' practice is much more simple: the sufferer is car- 
ried out and laid in fresh air; if he recovers, well; if not, "the gas was 
too much for him." 

Too much care cannot be exercised to guard against carbonic acid gas 
in mines. It not only exists in large quantities in a natural state, but is 
constantly being formed by the exhalations from the lungs of men and 
animals, the products of combustion in the miners' lamps, the ventilating 
furnaces, and especially the small locomotive engines now so commonly 
employed. When mixed with common air it is only safe up to the pro- 
portion of five per cent., though it is said that some miners become so 
accustomed to it that they can breathe an atmosphere charged with twenty 
per cent, of carbonic acid. Inspector Roy, in his report before quoted, 
calls special attention to the insidious workings of this unseen but deadly 
foe of the miner. "The air," he says, in speaking of the comparatively 
shallow mines of Ohio, where natural ventilation is depended on to a very 
great degree, "is best in the morning, because the circulation is partially, 
if not wholly, renewed in the night, during the absence of the miners; but 
in the afternoon and toward quitting time it becomes very foul, and 
miners frequently leave work because their lights will no longer burn, or 
because the}'^ are so oppressed with languor and headache that they can 
no longer stay in the mine. The black-damp, however, is more insidious 
than direct in its operations, gradually undermining the constitution and 
killing the men by inches. By reason of constant habit, young and 
robust miners are able to stay several hours in a mine after a light goes 
out for want of fresh air, where a stranger, unused to such scenes, would 
fall insensible, and, if not speedily removed, would die." 

Similarly, Mr. J. K. Blackwell, appointed British Commissioner of 
Mines in 1840, with instructions to make an inspection of their sanitai-y 
condition, reports: "There is another class of injuries, resulting from de- 
fective ventilation, to which miners are exposed. The circumstances pro- 
ducing these injuries are slow in operation, and as their effects bring 
disease, and not immediate and sudden death, their existence has been 
little considered. These effects are the result of an inadequate supply 
of air, which has become vitiated and unfit for breathing, on account of 
its having lost its due proportion of oxygen, which is replaced by the 
formation of carbonic acid. This gas has its sources in respiration, the 
lights of the mine, the decomposition of small coal in the goaves (worked- 
out spaces), and of timber in the workings. Air in this state is also 
usually found to be loaded with carburetted hydrogen, yielded from the 
whole coal or in the goaves. Sulphuretted hydrogen, arising from the 
decomposition of pyrites, is sometimes "present, especially in coal-seams 
liable to spontaneous ignition. The gases formed by blasting are also 
allowed to load the air of mines to a very injurious degree." 

And Thomas E. Foster, Government Inspector in 1864, says: " In col- 
lieries that I alluded to as being badly ventilated, they had no inflammable 
gas, ami that was the reason, why they loere not loell ventilated. Although 
you sometimes kill a few men by an explosion, those collieries where they 
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have no inflammable gas kill the men by inches. There are quite as many, 
in my opinion, killed where there is nothing but carbonic acid gas, as 
where there is inflammable gas. The men's health is naturally destroyed, 
and they kill them by inches. They do not go immediately, but they go 
in for a few years and die." Attention is especially called to Mr. Fos- 
ter's remarks. Colliery managers are altogether too prone to think that 
fire-damp is the only " damp " that is to be feared, and force their men to 
work year after year in an atmosphere loaded with carbonic acid, because 
in this gas they die slowly and one by one, dropping off without any of 
the dramatic circumstances attending death by an explosion. It is cause 
for congratulation that the improved state of science and the requirements 
of the mining laws in all civilized countries have greatly improved the con- 
dition of the mines with regard to ventilation. 

Nitrogen gas (azote, white-damp) is less to be feared than carbonic 
acid, because it occurs much less frequently. Its lightness, however, 
causes it to seek the highest parts of the workings, and thus it may affect 
the miner's respiration, while he walks harmless through a deposit of car- 
bonic acid gas at his feet. Nitrogen makes respiration difficult, causes a 
hissing or singing in the ears and a heaviness of the head, and, when pres- 
ent in the proportion of 85 per cent, of the atmosphere (common air 
being composed of 21 per cent, oxygen and 79 per cent, nitrogen), pro- 
duces asphyxia. The same proportion of nitrogen will extinguish a lamp. 
It is chiefly found in mines where there are iron pyrites in course of decom- 
position, or where a portion of the mine is on fire, being set free by the 
absor-ption or combustion of the oxygen. 

Two or three fatal accidents from white-damp, which have recently oc- 
curred in the Pennsylvania anthracite mines, have called attention to this 
source of danger, which has always been too much ignored by the miners. 
At an inquest held on the body of Thomas Williams, a miner, who died 
from injuries received at Kalmia Colliery, it was found that the deceased 
had fired a blast at the top of a steeply pitching " breast," and, without 
waiting for the powder-smoke to clear away, had returned to see the 
effect, had been asphyxiated by the gases, and had fallen a long distance 
down the "man-way," receiving injuries which caused his death. A medi- 
cal expert, Avho was a witness at the inquest, related a similar circum- 
stance which came under his observation a few years before. Two men, 
working in the same "breast," fired a blast on each side simultaneously. 
One, who Avas in a hurry to go home, ventured back into the smoke, and 
almost nistantly fell insensible down the " man-way." His comrade, who 
was in the " man-way " on the other side, seeing him fall, hastened to his 
assistance, but, before he could cross the breast, he too fell senseless. 
Neither was killed, and the man who happened to fall into the " intake " 
passage, by which fresh air was carried up to the working, soon recovered; 
but the other was resuscitated with difficulty. In both cases the 
mine was well ventilated, and the misfortune of the sufferers was 
attributable solely to their own reckless impatience. The explosion of the 
blast generated nitrogen — from the nitrate of soda or of potash used in 
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making tlie powder, and sulphurous acid from the sulphur, another in- 
gredient — while the combustion consumed a portion of the oxyg-en in the 
vicinity and supplied its place with carbonic oxide and carbonic acid gases, 
the mixture forming the "white-damp" of the miner. As will be seen 
from the instances given, this gas, when present in large proportions, acts 
with great quickness, and though not so immediately fatal as pure car- 
bonic acid, is apt to lead to fatal results, either primarily or from second- 
ary causes, as in falling from a height while insensible. Its symptoms, 
as described by miners who have experienced it, are a sudden pain darting- 
through the ears from side to side of the head, a sense of fulness or burst- 
ing in the head, and then giddiness. Though comparatively rare, it is to 
be guarded against where the air is heavily charged with powder-smoke, 
as well as where, under the conditions just described, nitrogen is to be 
apprehended. 

Another evil too commonly met with in coal-mines is the cloud of 
dust with which the air is loaded. Where the coal is kept damp by the 
percolation of water, little dust is made, and the miner is comparatively 
free from its injurious effect; but it is exceptional for the coal to be in 
this condition, and it has been found that the deeper the workings pene- 
trate the less water is found and the drier and more dusty the coal be- 
comes. Any one who has seen a load of coal shot from a cart, or has 
watched the thick clouds of dust which sometimes envelop the huge coal- 
breakers of the anthracite region so completely as almost to hide them 
from sight, can form an idea of the injurious effect upon the health of 
constant working in such an atmosphere. The wonder is not that men 
die of clogged-up lungs, but that they manage to exist so long in an 
atmosphere which seems to contain at least fifty per cent, of solid matter. 
Ventilation mitigates this evil, but does not obviate it, as a stream of 
pure water flowing into a muddy pool, of which the bottom is continually 
being stirred up, will thin the contents of the pool, but will not make them 
clear. Every fresh stroke of the pick or the hammer, every shovelful of 
coal moved, every fall of a dislodged mass, causes a fresh cloud of dust, 
until the ventilating current would need to flow with a force little short of 
a hurricane to keep the miner's lungs supplied with unvitiated air. In- 
spector Roy, who has given much attention to the subject of mine ventila- 
tion, says (Report for 1876, p. 93): "Constant labor in a badly aired 
mine breaks down the constitution and clouds the intellect. The lungs 
become clogged up from inhaling coal-dust and from breathing noxious 
air; the body and limbs become stiff and sore, and the mind loses the 
power of vigorous thought. After six years' labor in a badly ventilated 
mine — that is, a mine where a man with a good constitution may from 
habit be able to work every day for several years — the lungs begin to 
change to a bluish color. After twelve years they are black, and after 
twenty 3'ears they are densely black, not a vestige of natural color re- 
maining, and are little better thaji carbon itself. The miner dies at thirty- 
five years, of coal miners' consumption." Mr. Roy attributes the frequent 
.strikes and other expressions of discontent among the miners primarily to 
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defective ventilation, saying: "The sources of discontent among miners 
arise, not, in my judgment, so much in the evil nature of the men, as in 
the evil genius of the miners; and not conspiracy laws are needed to com- 
pel miners to be law-abiding citizens, but better ventilation to expel the 
demons of the mines — those noxious gases which in remoter ages the 
priests of Germany were wont to combat with religious exorcisms." The 
following cases reported by Dr. William Thomson, show the condition of 
the lungs above referred to: 

"D. C, aged 58; miner for 12 years; lungs uniformly black and of a 
carbonaceous color. 

"D. D., aged G2; miner from boyhood; lungs uniformly black. 

"G. H., aged 45; lungs uniformly deep black through their whole 
substance, with a density equal to caoutchouc. 

"L. A., aged 54 years; miner all his life; whole lungs dyed with black 
carbonaceous matter." 

Dr. D. C. Rathburn, of Middleport, Ohio, testified before the Ohio 
Mining Commission, on this subject, as follows: "I have made two post- 
mortem examinations in which there was carbonaceous solidification in 
the air-cells. The Scotch people call it spurious melanosis, really a coal- 
^niucrs' consumption. I have no doubt the carbonaceous particles caused 
their death. 1 examined them after death because before their decease 
they spit up a black substance whose real character I wished to ascertain. 
Four cases came to my knowledge." 

The black substance referred to is solid carbonaceous matter, inhaled 
while at work. As noted above, it is very slow to operate as a direct 
cause of death; but aggravates diseases of the lungs, acting principally as 
an irritant. Once in the lungs it remains there ever after, manifesting 
Itself in a peculiar black sputum in all cases of expectoration from lung 
troubles. 

Dr. J. T. Carpenter, of Pottsville, in his treatise before quoted, says: 
*'I saw, a short time since, a patient suffering from chronic bronchitis, 
with coal-dirt sputa, who had not entered a mine for nineteen years. A 
gentleman of Pottsville, under my care, is now recovering from pneu- 
monia, with softening and abscess of the lung, who in former years was 
engaged in mines, but has not habitually entered them for eight years 
past. During his recent illness the characteristic black sputum was con- 
stant." 

Some mysterious explosions w^hich have recently occurred in flour- 
mills and other places where the air is thickly mixed with particles of fine 
dust, and which were finally attributed to the rapid combustion of the 
dust itself and consequent expansion of its contained gases, have suggested 
a similar explanation of some otherwise unaccountable explosions in coal- 
mines. Thus, a late number of the Chemical JVeios quotes M. D. Simo- 
nian as calling attention to "certain facts which prove that it is in the 
majority of cases the heating of the coal-dust diffused in the galleries of 
the mines to which explosions are due." Referring to the catastrophe in 
the Jabin Mine at St. £tienne (February, 1877), he states, on the authority 
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of the manager, "that the mine in question contains very little fire-damp 
and that the precautions hitherto taken with an exclusive reference to 
that gas are not sufficient. Others must be taken against the extremely 
fine coal-dust, which, at the moment of the explosion of slight amounts of 
fire-damp, or even of blasting-powder, liberates rapidly a part of the coal- 
gas which it contains, and propagates the explosion, reproducing the 
cause of the evil Avith so much the greater energy as the current of air is 
more violent. Thick crusts of coke (two or three centimetres) prove this 
fact and explain how it is that extensive tracts in which fire-damp has 
never been observed are burnt like the rest of the workings. Hence, it 
appears that the precautions to be taken in fiery mines are complex when- 
ever the coal-dust is rich in gas and very finely divided. Explosions may 
then ensue even in mines where fire-damp is unknown. There is no need 
to suggest the cavities full of carbonic oxide, or of gaseous hydrocarbons, 
and suddenly laid open by a blow from the miner's pick." This is as yet 
too new to have stood any extensive test of practical application, but is 
worthy of attention, and if well founded is another argument for thorough 
ventilation. 

Among the incidental evils of a miner's life is the frequent occurrence 
of fires in the workings. These arc due to a variety of causes. Some- 
times an explosion or a careless blast ignites the " blowers " of gas, and 
sometimes these are fired by the miners themselves as a source of light. 
In any case, if neglected, the coal ignites. Sometimes a carelessly hung 
lamp sets fire to the woodwork of the mines, and sometimes the coal takes 
fire from the ventilating furnace. The result is that the mine soon fills 
with wood-smoke and sulphur-fumes, immense quantities of nitrogen, 
sulphurous acid and carbonic acid gases are generated, and the air soon 
becomes unfit to breathe. It is necessary, however, that men should enter 
the mine and work against the fire, throwing Avater on it to extinguish it, 
or building walls or digging passages to stay its progress. It frequently 
happens that the air in which they work is so impure that the strongest 
men can remain in it only fifteen or twenty minutes. At the end of that 
time they frequently fall insensible from asphyxia, when they are car- 
ried out to daylight or to a part of the mine where the air is purer, and 
laid down to recover. No attention is paid them, and after a time they 
usually regain their senses, and often go back to take their places among 
the workmen. When the work is done or the attempt abandoned, they 
go home, bathe, and sleep for many hours, after which they profess to be 
thoroughly recuperated and to feel no ill effects from their semi-suffoca- 
tion. 

After what has been said, it is evident that the greatest necessity for 
healthful mining is good ventilation. With air-currents sufficient to 
carry off noxious gases, powder-smoke, and at least the most of the dust, 
mining becomes not merely a healthful, but an agreeable occupation, not- 
withstanding all that has here been said about its perils and drawbacks. 
The latter may seem a bold statement to those whose experience in mines 
is limited to a single visit, but it is the testimony of the great majority of 
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miners, and is confirmed hy the well-known fact that men who go from 
farms and shops to Avork for a season in the mines rarely go back to their 
old work. There is something- about the comparatively free and easy life 
of the miner, who is to a ffreat extent "his own boss" — the uniform tem- 
perature, which in most mines varies little, if any, with the seasons, and 
which ranges from 45° to 65° Fahr., according to local circumstances, the 
year round — and perhaps the spice of danger which is always present, that 
makes the miner, once initiated, cling to that work for the rest of his 
life. Nor is that life necessarily a short one, though the appalling fre- 
quency of easily avoidable accidents reduces its average length far below 
what it should be. So far as the writer is aware, no comparative statis- 
tics of the average length of miners' lives, or of their liability to disease, 
have ever been published ; but old men are common among them, and 
men who have worked thirty, forty, or fifty years in the mines, and 
are still hale and hearty for their age, are by no means rare. Their 
principal diseases, as before stated, are miners' asthma, consumption, 
and rheumatism, and, among those who have worked long in badly 
ventilated places, dyspepsia, tremors, vertigo, and other troubles arising 
from blood-poisoning. (Carpenter, tibi siq?.) The two principal causes 
are dampness and bad air. Pumps and precaution obviate the one, and 
proper ventilation the other. 

Up to within a comparatively recent period the ventilation of mines 
was effected either by the natural force of the air-currents, or by heat- 
ing the air in the upcast shaft by means of a furnace at its foot, thus 
causing it to rise and create a vacuum, which was filled by the air flow- 
ing in through the downcast shaft. The former plan, however, works 
well only when the opening of the upcast shaft is much higher than that 
of the downcast, and is not applicable to mines of any great depth ; while 
the furnace, besides being inadequate to the task of moving the air in a 
large mine, is liable to explode the gas and ignite the coal. Its use, 
therefore, is fast being discontinued, and the device known as the ex- 
haust-fan, of various patterns, is taking its place. This is a wheel some- 
thing like the paddle-wheel of a steamboat, enclosed in a wooden casing, 
and so arranged as to create a suction of the air as it revolves. It is set 
over the mouth of the upcast shaft, and driven at high speed by a small 
steam-engine. Exhaust- fans vary from ten to sixty feet in diameter, and 
from three to ten feet in face. Their powers vary greatly, not only with 
their dimensions, but with the size and shape of the mine-passages which 
the air has to traverse. Instances in which from 100,000 to 150,000 cubic 
feet of air per minute are moved by them are not uncommon, but about 
half these figures is a more usual accomplishment. With the exhaust-fan 
properly supplemented by a judicious arrangement of the mine-passages, 
there is no longer any reason why men should suffer from defective ven- 
tilation ; and it is a noteworthy fact that more attention is being paid to 
this important subject year by year, with a corresponding improvement in 
the general health and comfort of the miners. 
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III most occupations and conditions of life the subject of accidental 
injuries and death Avould form no part of an inquiry into the hygienic 
features ; but mining is an occupation so peculiarly exposed to danger 
that a brief consideration of the principal classes of accidents, and the 
means by which they may be avoided, may not be out of place. The fol- 
lowing figures, compiled from the official reports of tlie Pennsylvania An- 
thracite Mine Inspectors, show the ratio of killed and injured to the total 
number employed in these mines. In the seven j-ears, 1871 to 1877 in- 
clusive, the figures were as follows : 

Average total number of persons employed, GG,8-42. 



Year. Killed. Injured. 

1871 271 004 

1872 223 Oil 

1873 200 088 

1874 202 558 

1875 238 587 

1870 228 473 

1877 194 590 

1,082 4,171 

Yearly average 240 590 

Percentage 0.30 0.89 



Thus on an average one and a cjuarter per cent, of the men employed 
in and about coal-mines are killed or wounded by accidents every year. 

Mine Inspector Jones, of the South District of Luzerne and Carbon 
Counties, Pennsylvania, gives a tabular statement of the causes of acci- 
dents in his district for the seven years above named, which is interesting 
as showing the comparative frequency of the different classes. The totals 
are as follows : Explosions of carburetted hydrogen gas, 10 ; falls of 
coal, 78 ; falls of slate and rock, 26 ; falling into slopes, 4 ; hoisting- 
machinery breaking, 0 ; sundries in slopes, 5 ; by mine-cars, 29 ; by ex- 
plosions of blasting-powder, 4 ; by mules, 1 ; by premature blasts, 8 ; by 
sundries, 14. Above ground : By machinery, 0 ; by suffocation in breaker- 
shutes, 2 ; by mine-cars, 7 ; by sundries, 7. Totals, above ground, 22 ; 
underground, 185. 

Mr. Jones's district is the smallest of the six into which the Pennsyl- 
vania anthracite region is divided, having but 13.8 per cent, of the work- 
ing force of the region, and liis list of casualties is to be taken in the 
same proportion. It will be seen that while the list of dangers to which 
the miner is exposed is a long one, there is one class which gathers in 
more than all the rest combined. Of all the casualties enumerated, 57.34 
per cent, are caused by falls of rock, coal, or slate, while less than five per 
cent, are due to exploding gas. 

It would occupy too much space to enter into a discussion of the 
various ways in which men are caught by the falling fragments from the 
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roof and sides of the mine. Tlie variety is almost endless, and in many 
cases the accident is so clearly attributable to carelessness, that it al- 
most looks like a case of suicide on the part of the victim, or of man- 
slaughter on the part of some other person. It is sufficient here to quote 
the vigorous opinion of Inspector Williams, of the Middle District of Lu- 
zerne and Carbon, an intelligent and experienced miner, in his official re- 
port for 1877. He says: "1 have become satisfied in my own mind, long 
ago, that fifty per cent, of the accidents from falls of roof and sides could 
and should be avoided, and that fifty per cent, more timber used in our 
mines, when properly placed, would be the means of saving (preventing) 
twenty-five per cent, of the accidents just referred to." The other 
twenty-five per cent., though they may not be preventable by proper tim- 
bering, may be easily avoided by the use of a little precaution and 
knowledge of mining. 

In conclusion, it is the opinion of the writer, formed from long per- 
sonal acquaintance with the subject, and sustained by the almost unani- 
mous testimony of practising physicians, mining engineers, colliery own- 
ers, and miners themselves, that, were it not for accidental injuries and 
deaths, the mining class would show as good average health, as fair a 
percentage of longevity, and as low a death-rate as any other class of 
manual laborers; that the hygienic conditions of American mines are 
receiving more attention and consequent improvement year by year, and 
that, if the average miner could only be taught to exercise caution and 
common sense about his work, the list of fatal accidents would be materi- 
ally shortened, and mining would lose most or all of the terrors which now 
invest it in the minds of the general public. 
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The lucid and interesting chapter contributed to the present volume 
by Mr. Sheafer deals especially with the hygienic conditions of coal- 
mines, including the laws of those explosive or noxious gases which are 
peculiar to such mines. It is true, as a general proposition, that, apart 
from these coal-mine gases, the conditions obtaining in collieries are simi- 
lar to those of mining for metallic ores; but there are some differences 
which should be recognized, and which may justify me in supjilementing 
Mr. Sheafer's account with a few remarks more particularly applicable to 
metal mines. I shall make no attempt to avoid repeating portions of a 
paper on the subject which I have been engaged in preparing for presenta- 
tion to the American Institute of Mining Engineers. 

The chief differences in this country between the sanitary conditions 
of coal-mines and those of metal mines are the following: 

1. The coal-mines are, as a rule, neither very deep nor very high above 
the sea level; whereas a large proportion of the metal mines are situated 
at great altitudes (5,000 to 13,000 feet above tide). The comparative 
rarity of the atmosphere, though not perhaps injurious to health per se, 
nevertheless nitensifies the changes of temperature to which both the 
mountain climate and the underground work render the miner liable, and 
thus promotes certain febrile and rheumatic complaints. 

2. Although it cannot be said of American metal mines, in general, 
that they are deeper than the coal-mines, yet it must be admitted that 
they grow deep faster, and that the deepest of them far exceed our coal- 
mines in this respect. In some cases — notably in that of the Comstock 
Lode — the increase of heat in depth is a very serious inconvenience and 
injury to the mining work. 

3. With rare exceptions, metal mines do not generate poisonous or 
explosive gases in large quantity or in brief periods. Slow decomposition 
in the rocks of minerals such as pyrites may give rise to sulphurous or 
sulf-hydric gases ; carbonic acid may be generated by decaying wood, or 
by the burning candles, or the exhalations of the workmen ; but there is 
no such innninent danger from these sources as threatens the coal-miner, 
who may be overwhelmed by a sudden irruption and explosion of "fire 
damp," or drowned in a flood of " black damp." On the other hand, this 



254 



THE HYGIENE OF METAL MINES. 



immunity from sudden catastrophes due to imperfect ventilation leads, in 
metal mines, to a degree of carelessness in this department of mine en- 
gineering of which no one would dare to be guilty at a colliery. As a 
rule, therefore, the air is much worse in metal mines than in coal-mines. 
The former are usually left to ventilate themselves, according to aerostatic 
laws ; and when changes of wind or season cause a reversal or stagna- 
tion of the ordinary current, the phenomenon is submitted to with a kind 
of fatalism. Miners say " the air is bad " in this or that level, very much 
as one would speak in helpless resignation about the weather out of doors. 
When the heat or foulness of the air at any point actually prevents work, 
remedies are applied; but so long as it is merely an inconvenience or a 
slight enhancement of the price per yard of contract work, it is too often 
neglected, since neglect is not exposed to the death penalty. 

4. The greater expense and completely unremunerative character of 
excavations in rock such as usually incloses metalliferous deposits, leads 
to the making of much smaller and less regular passages than the gang- 
ways of collieries; while separately excavated airways may be said not to 
exist in metal mines at all — a brattice or an air-box or a weather-door 
now and then being the most that is done for the artificial direction of 
the ventilating current. The smallness of the excavations in metal mines 
is therefore another cause of imperfect ventilation. On the other hand, 
the old workings, particularly if well-packed with " deads " or waste-rock, 
do not need to be ventilated so much as is often the case in coal-mines, 
to prevent the accumulation of dangerous gases in them. 

5. There is, as a rule, much more climbing in metal mines. The 
miners often descend and ascend through great vertical distances by 
means of ladders and stairs. 

6. It is in a few localities only, apart from the coal regions, that a 
permanent class of miners exists. Moreover, the hygienic conditions of 
most American metal mines are not extreme; and, finally, the effects often 
attributed to underground conditions, in other countries, may be largely 
due to other causes, and it may be that better diet, less prolonged and ex- 
haustive labor, more comfortable homes, and more rational liabits have to 
some extent rescued the American miner from the evils which have been 
supposed to inhere in his avocation. 

The points thus suggested will now be briefly reviewed, under the heads 
of physical exertion, air, and temperature. 

Physical exertion. — ^The wielding of sledge and pick, the pushing of 
cars, the wheeling of barrows, and the lifting of heavy rocks and timbers 
are forms of exertion which the miner undergoes in common with laborers 
of many other classes, and which cannot be deemed, apart from the peculiar 
conditions surrounding them, specially injurious to health, though they 
are doubtless more or less competent to cause or to aggravate certain 
organic diseases. The ascent and descent upon ladders may be considered 
characteristic of this avocation, though it is involved also in the ordinary 
method of raising bricks and mortar to buildings in process of construc- 
tion. Here the hod-carrier not only climbs, but climbs frequently, and 
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carries a heavy load — a practice once common in the mines of Mexico and 
South America, but unknown in this country, from which its cost as well 
as its inhumanity has excluded it. It is the custom now to use windlasses 
or hoisting engines even for buildings, when these exceed one or two stories 
in height; and it must be remembered that the highest buildings come 
far short of the vertical extension of or.dinary mines. The question, how 
much the health and efficiency of miners are affected by climbing up and 
down ladders, has been carefully examined. The loss of working-time 
involved in this method of transit is serious. But the exercise of climb- 
ing itself, if taken slowly and with due caution, and if the heated climber 
is not afterward exposed to a chill, is not generally held to be injurious 
to healthy and strong men. Added to other enfeebling conditions, it is 
.said to hasten the period of declining strength; and it is an important ob- 
jection to the use of ladders in deep mines that they necessitate the em- 
ployment of the younger men in the lower levels, and thus deprive the 
mine, at the points where skilled labor is most desirable, of the services 
of the oldest and most experienced workmen. Ladders placed at a proper 
angle are better than stairs, since they joermit the arms to take part in 
raising the bod}'. The loss of time and the waste of strength involved in 
ladder-climbing are shown by the relative amount of work done per man 
in the upper and lower levels, this amount being, for instance, in the lead- 
mines of the north of England, one-fifth greater in the upper levels. On 
the question of health, it may here be added that sailors are not reported 
to suffer from climbing any more than bricklayers do; and the sum of the 
whole discussion appears to be, that the economical view of the subject 
of climbing in mines is more important than the sanitary one. 

This view- has led to the introduction of the man-engine, and the prac- 
tice of lowering and raising workmen in skips and cages. This is not the 
place for a criticism of the comparative merits of these devices. It is 
sufficient to say that in most of those American mines which are deep 
enough to render the use of ladders a matter of hygienic importance, the 
woikmen are lowered and raised by the machinery that hoists the ore; 
and the ladders being kept merely as a means of transit between neigh- 
boring levels, or as a resort in case of accident, do not enter into the 
hygienic problem. 

^lir. — The most thorough and satisfactory reports on the air of metal 
mines are those of Dr. R. Angus Smith and Dr. A. J, Bernays, included 
in Appendix B to the Report of the Commissioners, appointed to inquire 
into the condition of the metal mines of Great Britain, with reference to 
the health and safety of the persons employed in such mines. (London, 
18G4.) Dr. Smith begins with an elaborate discussion of the normal 
amount of oxygen and carbonic acid in pure air, and, after citing many 
analyses of distinguished chemists, adopts 20.9 ' parts by volume of oxy- 
gen, and 0.0-i of carbonic acid as a fair out-door average, and shows that 
in confined spaces, and under various influences, the amount of carbonic 
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acid may be increased indefinitely. At 11 p.m., in the pit of a London 
theatre, it Avas 0.32. But many samples of bad air, taken from mines, 
have shown over two per cent, of carbonic acid. By a series of most in- 
teresting experiments, conducted in a hermetically closed lead-chamber, 
containing 170 cubic feet of air, Dr. Smith established, among other im- 
portant results, the following: 

A person shut up in the chamber for five hours raised the amount of 
carbonic acid to 2.25 per cent. In this atmosphere the breathing was 
changed from IG inspirations per minute to 22, and the pulse fell from 70 
to 55, becoming, at the same time, so weak that it was difficult to find. 
On another occasion, when the carbonic acid had risen to 3.9 per cent., 
the number of inspirations advanced to 2G, and the pulse became so weak 
as to cause alarm. This is a symptom of poisoning" by carbonic acid. An 
experiment, tried by blowing carbonic acid into fresh air, containing 20.1 
oxygen, without removing the oxygen, showed that the pulse of the sub- 
ject was weakened, thoug-h breathing was not very difficult, and the can- 
dles burned moderately Avell. Four miners' candles, inclosed in the cham- 
ber, ceased to burn at the end of five hours, having raised the temjjerature 
from 50° Fahrenheit to 05°, and vitiated the air until it contained 18.8 
oxygen and 2.28 carbonic acid. It follows that men can live where candles 
will not burn; but that the poisonous effect of carbonic acid begins before 
its subject is conscious of serious inconvenience. Moreover, it appears 
that the presence of carbonic acid is a more noxious agency than the mere 
diminution of oxygen in an otherwise pure air. According to Dr. Smitli's 
experiments, respiration is not affected sensibly by a small or even a con- 
siderable diminution of oxygen, when the place of that gas is not taken, 
up by others of a harmful character. But we do not usually have to deal, 
in mines, with simply rarefied or deoxygenated air. The abstraction of 
oxygen is due to processes which load the air with such gaseous products 
as carbonic acid. The facility with which water absorbs certain percent- 
ages of its weight of carbonic acid and other gases, explains the fact that 
the air is more tolerable in wet than in dry workings. Trickling streams or 
spray perceptibly improve the ventilation; and this means is occasionally 
resorted to for enabling men to continue Avork where it would otherwise 
be difficult. 

Dr. Bernays points out another most important fact, namely, that 
there is a great difference in the personal sensations of comfort or 
distress occasioned by breathing different atmospheres containing prac- 
tically the same proportion of carbonic acid. This is undoubtedly the 
effect of organic impurities, which greatly aggravates that of the carbonic 
acid. A much larger proportion of the latter may be breathed with im- 
punity when it is the result of inorganic jDrocesses, and particularly of the 
slow oxidation of coal, than when it proceeds from animal exhalations, 
and the quick, smoky combustion of candles. Dr. Bernays says that 
he has often found the air of a crowded room intolerable, though it con- 
tained not more than 0.1 per cent, of carbonic acid. He mentions also, as 
a curious fact, that a man may continue to breathe without distress in 
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a confined space so long as it is contaminated by his own breath only, 
though he could not, without great disgust, enter an atmosphere rendered 
equally foul by the respiration of others. But I suspect that the inference 
he suggests is not well founded. It is, perhaps, not the source of the 
contamination, but the entrance of the observer from purer air, that makes 
it more repulsive in the latter case. 

Carbonic acid and accumulations of organic impurities are most trou- 
blesome at the ends of galleries, or in confined stopes, winzes, etc., which 
are not swept by the general current of ventilation. The operation of 
blasting in such places has the good effect of breaking up the stagna- 
tion of the air: but, on the other hand, it contributes certain impurities 
of its own, partly volatile, and partly in fine, suspended floating particles. 
Carbonic acid, sulphuretted hydrogen, sulphide, and nitrite of potassium, 
etc., are among the products of explosion from ordinary gunpowder. Gun 
cotton is less harmful in this respect, and was recommended by the 
British Commission; but it has never found general application in mines, 
perhaps because its use in mines as a quick and violent explosive, has 
been superseded, or rather forestalled, by the various nitroglycerine com- 
pounds. It is well known that the gases from these produce most dis- 
tressing headache; but this appears to be the effect on those persons only 
who are unaccustomed to them. I have seen miners return to a stope 
almost immediately after a blast of dynamite, apparently without incon- 
venience. This was, however, in a well-ventilated mine. With all ex- 
plosives it is necessary and customary to allow the gases to clear away 
before resuming work. 

Sulphuretted and arseniuretted hydrogen may be given off by rocks 
which contain such minerals as pyrites of iron or copper, mispickel, etc., 
which undergo decomposition in the presence of air and moisture. To 
this cause, in part, may be due the alleged unhealthiness of the copper- 
mines of Cornwall as compared with the tin-mines, in which the ore, being' 
already an oxide, suffers, upon exposure, no chemical change. 

Besides the gaseous impurities of the air, the dust produced by drill- 
ing has been considered a source of disease. This is probably not a se- 
rious evil. The almost invariable practice is to put water in the bore-holes 
to facilitate the work, and there is from this source little or no dust to be 
inhaled. What has sometimes been mistaken for mineral dust in post- 
mortem examinations of the lungs of miners, is finely divided carbon; and 
this is almost certainly attributable, not so much to the occasional inhala- 
tion of gunpowder vapors as to the constant breathing of the products of 
the imperfect combustion of candles. Some reported cases of the " lead- 
colic " among lead-miners may have been due to the inhalation of plum- 
biferous dust, or to the drinking of poisoned water. 

The effect of all these impurities of the air has been found on the con- 
tinent of Europe and in Great Britain to be a peculiar form of "asthma," 
"consumption," or "anaemia," known as the miners' disease. It is diffi- 
cult to say how much the general low tone of vitality due to insufficiency 
of animal food, lack of healthy dwellings, and reckless personal habits, 
Vol. II.— 17 
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contributes to the prevalence of tliis disease; but it is probably fair to 
conclude that these causes weaken the ability of the workman to resist the 
effects of the impure air in which he works. 

Temperature. — There is a gradual increase of temperature in the rocks 
of the earth's crust, below the zone of uniform temperature which is 
found near tlie surface. The law of this increase in temperature is not 
clearly established. It is certainly much affected by the chemical reactions 
which may go on in the rock. Mr. Robert Hunt, in his testimony before 
the British Commission, says that whatever may be the temperature of the 
atmosphere on the surface of the earth, there is in the Cornish mines a 
constant temperature throughout the year at the depth of about 150 feet. 
Below that point, he says, the increase is one degree Fahrenheit for every 
50 feet down to about 750 feet; then one degree in every 75 feet down to 
about 1,350 feet; and below that, about one degree to 85 feet. Mr. Hen- 
wood (quoted by Prof. J. A. Church, in his paper * on the Heat of the 
Comstock Lode) gives for different kinds of rock the following distances 
in feet, corresponding with each rise of one degree: granite, 51; slate, 
37.2; cross veins, 40.8; lodes, 40.2; tin lodes, 40.8; tin and copper lodes, 
39.6 ; copper lodes, 38.4. These figures show how great is the variation 
due to local causes. Assuming the increase in granite to be least affected 
in this way, and applying also Mr. Hunt's formula for the rate of increase, 
we may adopt as a probable standard of comparison a scale of depths and 
rock temperatures, as follows: 



Depth — Feet. Temperature of rock. 

150 60° 

300 62° 

600 66° 

1,350 76° 

2,000 84° 



It will be generally admitted that most mines are hotter than this, the 
fact being that the heat given off by lights, explosives, animals and men 
is not immediately removed by the ventilation, and hence the rock is per- 
ceptibly cooler than the air. But chemical reactions and hot springs in 
the rock may very greatly raise its temperature; and when this is the case, 
the miners, finding that the rock feels hot, in comparison with the air, say 
that the lode or the wall " makes heat." Even when the air is still some- 
what the warmer, the rock may seem to be so when touched with the hand. 

One of the United mines in Wales is mentioned by Prof. Church, in 
the paper already cited, as possessing springs which discharge water at 
116° Fahr., the depth being 1,320 feet. The heat of the air in the work- 
ings is given at 100° to 113° Fahr, The hottest mine in Cornwall is, or 
was in 1862, the Wheal Clifford, concerning which the superintendent, 



' This paper was read May, 1878, at the Chattanooga meeting of the American In- 
stitute of Mining Engineers, and will be published in Vol. VII. of the Transactions of 
that society. 
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John Ricluird;;, testified that tlie temperature was 102° hfty-oiie feet below 
the l,200.feet level, and " a pretty deal hotter" (120° he guessed) at the 
1,380 feet level. At one time, in a confined working, the temperature 
was known to rise as higli as 128°. Mr. Robert Hunt, speaking ap- 
parently of the same mine, says that, by his personal measurement, the 
air showed 110° in the deep level, and that tests of the rock, made by 
leaving a thermometer for two hours in a bore-hole, gave from 112° to 
114°. He reports the maximum with which he was acquainted as 117°. 
Mr, Ricihards says the workmen can endure 120° perhaps half an hour, 
but cannot continue to work for an hour at 102°, while they can make a 
four-hour shift without interruption at 95°. Mr. Hunt gives the average 
time oC working at twenty minutes, and says that, on retreating, the men 
washed themselves in water at 90°, to cool off. Six sets of men were 
employed, so that each set had one hour and forty minutes in which to 
recover from the effects of the twenty minutes' exertion. Four turns of 
twenty minutes, thus distributed througli an eight-hour shift, constituted 
a day's work. It is not surprising that, under these circumstances, the 
labor account was heavy. It is said that three guineas per inch was paid 
for driving a cross-cut in this mine. 

These remarkable stateinents are r.xcn surpassed by the recent expe- 
rience of the deep mines on the Comstock Ixxle in Nevada. For many 
data on this subject, corroborating and completing my own hasty obser- 
vations and recollections, I am indebted to the paper of Pi'of. John A. 
Church, of Columbus, Ohio, already mentioned, and to the unpublished 
memoranda of that gentleman, generously placed at my disposal. In 
the lower levels of these mines (say about 2,000 feet below the croppings 
of the Gould and Curry, the usual datum-line) the temperature of the 
rock is generally about 130°. In freshly opened ground the air usually 
varies from 108° to 11G°; but higher temperatures are not unfrequently 
reported, as, for instance, 123'' in the 1,900 feet level of the Gould and 
Curry. The water, wliich enters the drift from the lode and the country 
lock, is, however, often much hotter. The vast body which filled the 
Savage and the Hale and Norcross mines for many months had the tem- 
perature of 154°. But the water, like the rock and the air, varies in this 
respect in different portions of the mines. The ordinary range of " hot 
drifts" is 105° to 110° air-temperature. The ventilating current is de- 
livered at a temperature of 90° to 95°, which seems to be most conducive 
to comfort. It is blown upon the men through zinc pipes by means of 
powerful mechanical blowers. The question of present interest being 
the effect upon the health of the miners of working under such conditions, 
further description of the peculiar phenomena of the case will be un- 
necessary. 

Before considering the health of the Comstock miners, it should be 
noted that by no means all, or even the majority of them, are employed in 
the hot drifts, and, moreover, that these mines are provided with arrange- 
ments which enable every miner to bathe and change his clothing imme- 
diately upon emerging from underground. 
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The diseases of the Comstock miners are mainly typhoid and mountain 
fever, rheumatism, and erysipelas. There is little or no consumption, 
bladder, kidney, or liver disease. The superior ventilation (apart from 
the question of temperature) in the mines, the hearty and abundant diet 
of the miners, the constant enormous activity of their perspiratory func- 
tions, and the personal cleanliness resulting from their daily baths, seem 
to have abolished among them the disease, supposed elsewhere to be 
characteristic of their avocation. It is admitted by all observers that they 
are healthier than their wives and children. 

As to the immediate effect of the high temperatures upon those who 
work in them, it must be confessed that, while actually working, the men 
display apparently undiminished vigor, delivering with seven, eight or even 
nine pound hammers very rapid and effective blows. Perhaps a third of 
the time is lost in resting and cooling. In very hot drifts, a relief gang is 
employed; and, in extreme cases, four and even six men to the pick have 
been found necessary. In the main, however, the rapid progress in the 
hot drifts is remarkable, and shows that the heat does not greatly lessen 
the power of work, except by necessitating longer or more frequent rest. 
At the usual temperature of 108°, three shifts of three men each, working 
in turns of eight hours, advance three to five feet daily in hard rock. 
This is so much better than the efficiency reported from the hot lode in 
Cornwall, that we are led to infer that the method of delivering air to the 
Comstock drifts affects the temperature and perspiration of the miners in 
such a manner as to protect them to a large extent from the otherwise 
distressing action of the heat. My own sensations, as I recall them, in a 
deep and very hot level of the Crown Point (about 116°, I believe), were 
not specially uncomfortable on the surface of the body, except when a 
drop of still hotter water fell upon me. The principal feeling of distress 
was internal, and was caused by the inhalation of the scorching air. 

The question whether those who labor in such places are permanently 
injured, is more difficult to decide. One of the physicians at Virginia 
City has declared that " there is not a sound heart in any man on the 
lode who has worked in a hot drift for two years." This statement is 
perhaps too strong, though it is possibly true that many of the miners 
are organically affected. Yet this appears not to interfere with ordinary 
and equable work, though it may, perhaps, develop into distinct disease 
under special strain or excitement. After long work in the hot drifts, the 
men have a waxen color, and are known as " tallow-faces." Prof. Church 
noticed some men Avho, without being lazy, showed unusual care in han- 
dling their work, and two or three of them told him that they were 
" broken down " in hot drifts. In the only instance in which the time re- 
quired for " breaking down " was given, the workman had been employed 
underground six years. 

The actual effect of the heat on the men is, first, excessive perspiration, 
and, if this is not removed by evaporation with sufficient rapidity, great 
faintness. The pulse increases, as is shown in the following interesting 
data, obtained by Prof. J. D. AVhitney and Prof. Church, in the 1,800 feet 
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level of the Julia Mine, the drift being about 1,200 feet long, and having an 
air-temperature of 108° to 110°, while the air-temperature at the station 
or junction of the drift Avith the (downcast)^ shaft was only 84°. The 
following observations were made: 

I'ulse-bcats 
per niiuutc. 



Carman, after bringing out car, say 1,200 feet 140 

" after resting at station G4 

" (another case) after partial rest 128 

Prof. AVliitney, after walking through drift 120 

" " normal rate GO 

Prof. Churcli, after moving about, Avitliout exertion 88 



A case of death is reported as follows: A powerful man, accustomed 
to hot drifts, returned to Avork after a rest of three months, and entering 
the Imperial Mine as carman, pushed his first car to the end of the drift, 
in the 2,000 feet level — say 1,000 to 1,200 feet — loaded it, and brought it 
back to the station, where another man was waiting to relieve him. But, 
instead of taking his turn, he dumped the car and started back without 
cooling off. He loaded the car again at the end of the drift, and pro- 
ceeded to return, but was found a few minutes later hanging senseless to 
his car, and died, I believe, before he could be got to the surface. An- 
other died in the Imperial incline while that was sinking. Three such 
deaths in all are reported from this mine, which is an excessively hot one. 
Sometimes accidental deaths may be the indirect result of the faintncss 
caused by the effect of the heat on the circulation. Thus a man fell down 
the Imperial (upcast) shaft last year, Avho was probably overcome by the 
heat whil(! putting in timbers. In these Avorst places, strong and healthy 
young men are employed. Fat men seem to stand the heat best, and, 
among" visitors, Avomcn endure it better than men. Some men Avilt under 
the Avork, and are said to have " no pluck." Drinking habits unfit the 
miner for this severe test. Unaccustomed men are often unable at first 
even to reach tlie end of the drift Avliere they are to Avork. An intelligent 
miner told Prof. Church that the first month of such Avork after a long 
rest is hard; then come three months of brisk feeling; and then follows a 
" draofs-cd-out " sensation. 

The underground use of machine-drills, operated by compressed air, is 
an important aid to A'entilation and cooling, since the expansion of the 
escaping air absorbs much heat from the immediate neighborhood. But 
Avhen, as in the Comstock, the heat radiated from the Avholc surface of 
exposed rock is far in excess of that Avhich men and lights supply, nothing 
can sensibly reduce it, or mitigate its effects, except abundant mechanical 
A'entilation. This is carried to a large extent in the Comstock mines; and 
to the fact that, in counteracting the high temperature, the impurities of 
the air are thus removed the remarkable good health of the Comstock 

' The downcast shaft is that which conveys the fresh air into the mine, Avhile the 
shaft through which the vitiated current ascends is called the upcast. 
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miners may he partly ascribed. Other causes have been ah-eady men- 
tioned, such as the healthy mountain climate, the good food, and the 
comfortable dwelling's. Finally, the fact must not be omitted from con- 
sideration that the miners of our Avestern regions are immigrants, and 
presumably men of such bodily vigor and health as their adventurous 
spirit would imply. 

Incidental to the question of temperature is the effect of sudden 
changes of temperature, such as are experienced on coming suddenly from 
the depths of a mine to the surface. The hygienic conditions here do not 
differ from those which any similar change of temperature produces; and 
since they may easily be counteracted by the prudent miner, they need 
not be set down as sources of disease inherent in his occupation. 

Another kindred question relates to the effect of barometric pressure, 
which vari(;s in mines with the dej^th of the ojDenings, and also with the 
changes of the outside weather. The general experience is that high 
barometric pressure, though it permits a greater inhalation of oxygen with 
each breath, causes a feeling of distress, and affects the heart unfavorably. 
Dr. Bernays says that undoubtedly the most injurious, as well as the most 
unpleasant, condition of mine air is that in which a high temperature is 
accompanied with excessive barometric pressure and great humidity. 
The effect of the pressure alone can best be studied in the records of work 
in highly compressed air, as in the sinking of the caissons for the East- 
River and other bridges. It may be affirmed, as a general rule, that sound 
men are not permanently injured by it. In ordinary mines the chief 
sensible effect of the barometric pressure is the variation it may cause in 
the natural ventilating current. Where the ventilation is wholly or partly 
artificial, these changes may be controlled. The introduction of com- 
pressed and cool air by machinery tends powerfully to reduce to a mini- 
mum the humidity of hot mines, and thus (as in the Comstock) to give 
an atmosj)here in which free perspiration, rapidly evaporating, cools and 
refreshes the body. A comparison of the statements above made, as to 
the Comstock miners and the miners in the hottest mine of Cornwall, 
shows how much more can be endured and accomplished by workmen 
when thus protected from vitiated or over-humid air. 

The injurious effect of working under artificial light, instead of sun- 
light, has been often asserted; but there is no definite proof of it. Where 
other conditions are wholesome, and the habits of the workmen are regu- 
lar, this is not likely to have a traceable effect. At all events, it is subor- 
dinate to many other causes. 

General conclusions. — The British Commission, to which reference 
has been made, summed up its voluminous report in a few conclusions 
and recommendations, the substance of which I quote below, in order ta 
point out how far they are applicable to miners in the United States. 

The Commission finds that a large proportion of the diseases affecting 
miners in the metal mines is to be ascribed to defective ventilation only. 
However various the opinions of physicians concerning the causes of the 
disease so well known under the name of miners' consumption or miners'" 
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astliina, there is in one respect a remarkable unanimity among all the 
experts, namely, that the health of the miner is chiefly affected by the 
quality of the air in which he works. This conclusion is emphasized by the 
results of very wide inquiry on the part of the Commission. 

In the coal-mines, where special attention is paid to ventilation, on ac- 
count of explosive gases, the mortality of miners, apart from accidents, is 
lower than in the metal mines. Starting from this significant fact, the 
Commission recommends that some of the methods of artificial ventila- 
tion employed in the former should be more generally introduced into 
the latter, and favors particularly the use of furnaces in " upcast " shafts, 
to accelerate the natural current by heating the upward-moving column 
of vitiated air, and to prevent the stagnation or reversal of the current 
by change of season or weather. 

With reference to other causes of disease, the Commission recommends 
that every mine be provided with a conveniently situated, separate house, 
in which the workmen may cliange and dry their clothes; that boys under 
fourteen bo not permitted to work underground; and that mechanical 
means be adopted for transporting the miners into and out of the mines. 
The man-engine is praised; but the system of hoisting the men in skips 
and cages is also pronounced satisfactory, provided the machinery be 
properly constructed and carefully tended. 

These recommendations are as timely now as they were ten years ago, 
except that the increasing use of compressed air in mining has furnished 
an aid to ventilation not then considered. There is no proof that the 
metal miners of America are less healthy than other laborers, and there is 
no need that they should ever become so. In my judgment a wise regard 
for financial economy alone will cause capitalists to do all that philan- 
thropic considerations would require in dealing with the problem of hy- 
giene in mines — a problem whicli contains, as the foregoing discussion 
shows, no fatally insuperable difficulties, and no insoluble mysteries. 

3Ietallar(fical loorks. — The sanitary ir^anagement of metallurgical 
works is a topic too vast and complicated to be treated in this chapter. 
It comprises questions of poisoning by gases or metallic vapors and 
through the handling of poisonous substances. The effect of the blast- 
furnace tunnel-head gases (carbonic oxide and carbonic acid) upon men 
too long exposed to them, is well known to ironmasters. But this is a 
sudden and usually transitory matter. A few drops of sulphuric ether, 
drunk in water, and a few hours' rest, will restore a man who has been 
"knocked over" by the gas. The effects of lead, arsenic, or quicksilver 
vapors, on the other hand, are more insidious and more enduring. But 
science furnishes, and the best practice employs, preventions as well as 
antidotes to the injury which might result from such causes. The prime 
requisite in all metallurgical or cliemical works is thorough ventilation, 
coupled with arrangements for confining and conducting away the noxious 
gases or vapors. Here, also, economy takes sides with philanthropy. Not 
only does the hygienic question influence the rate of wages and the effi- 
ciency of labor, but the fumes which are so harmful if they escape are val- 
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uable to catch aiul utilize. C'ondensers, flues, chemical precipitants, etc, 
are therefore very generally employed to arrest the liquid and gaseous 
waste products of metallurgical works. The tunnel-head gases of iron 
blast-furnaces are valuable as fuel for driving the blowing engines and 
heating the air of the blast, and are so thoroughly utilized for this purpose 
that, when they finally escape from the tall chimneys of such works, they 
contain little else than moisture, nitrogen, and carbonic acid — the last of 
which, however deleterious by itself, or in certain proportions, to breathing 
animals, is, in its due place, a most important ingredient of the normal 
atmosphere, and intimately connected with the processes of mineral de- 
composition and vegetable growth by which the earth has become, and 
can remain, habitable for man. Nor has it ever been found that the free 
atmosphere in the neighborhood of great metallurgical works, or of great 
cities, is rendered unwholesome by the immense quantities of carbonic 
acid poured into it by chimneys and lungs. 

The mechanical protectors (Tyndall's respirators, and the like) and the 
preventive or remedial measures, adopted in various cases to counteract 
the effects of poisonous gases and vapors in metallurgical works, can only 
be alluded to. Some of them belong perhaps more properly to the de- 
partments of toxicology and general therapeutics. 

In securing abundant ventilation for metallurgical works, strong- 
draughts of air are inevitable ; and one of the commonest dangers to 
workmen arises from this source. Not only the heat of the furnaces, or 
of the flowing molten metal, but also the intense periodical activity which 
characterizes many metallurgical processes, produces free perspiration, and 
renders the body sensitive to a chill. There is no remedy for this evil, so 
far as 1 know, but common sense on the part of the individual laborer. 

With a few exceptions (yearly growing fewer), there are no metallur- 
gical industries in the United States which have not been, or by recog- 
nized means might not be, made as safe in sanitary respects as purely 
mechanical industries are. 
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INFANT MORTALITY. 



The importance of the subject of infant mortality is at once apparent 
when we reflect that of all the deaths that occur in the great cities of 
North America, from a quarter to a third take place under one year of 
age, and from two-fifths to one-half under five; and that out of one hun- 
dred live-born children about twenty-five die before the end of the first 
year of life, and from forty to fifty before reaching the close of the fifth 
year. 

It can hardly be necessary that stress should here be laid upon the 
enormous waste of life that is implied in these facts, and upon the neces- 
sity of using every discoverable means for its diminution. In presence of 
disease and death, the hygienist has but one preoccupation, namely, pre- 
vention. We will therefore at once proceed to study the nature and 
causes of the diseases which occasion the undue mortality of early life, 
with a view to ascertaining in what way and in what degree the manifold 
agencies concerned in its production may be amenable to control by sani- 
tation. 

Methods of Estimation. 

The prevalence of fatal disease among infants and children in any 
population is recognized and estimated by statistical data derived from 
registration. From the yearly records of vital statistics, which are col- 
lected and published by public authority in every civilized community with 
more or less fulness and accuracy, the frequency of death at various ages 
can be calculated, and the variations of mortality in different localities 
and at different periods of time can be estimated and compared. There 
are various ways of usijig such data for the purpose of ascertaining and 
expressing the mortality at any age of life. 

The first and most accurate method consists in determining the death 
rate, by which is meant the number dying in one year among one thousand 
living. The mortality of infants and children is most commonly repre- 
sented by the death rate in one thousand living under one year of age, 
and under five years of age. The data from which death rates are calcu- 
lated are two-fold, comprising, in the first place, the number of the living, 
more or less accurately determined by a census, or estimated by approxi- 
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Illative calculations ; and, in the second place, the number of tlic dying, 
derived from yearly mortality records. The taking o-f a census, with a 
careful enumeration of the population at various ages, being an event of 
somewhat rare occurrence, death rates cannot always be determined in a 
thoroughly satisfactory manner. 

Another way of estimating infant mortality consists in ascertaining 
for any year the ratio between the deaths under one 3'ear of age and the 
registered births. For this purpose, an accurate registration of yearly 
births and of deaths under one is requisite. 

The third method consists in establishing for each year, in the shape 
of a percentage, the ratio of deaths under one year, and under five years 
of age, to deaths at all ages, the only necessary data being the number 
dying in a year at all ages, and at the specified ages. This method affords 
a less precise measure of infant mortality than the two methods previ- 
ously described, liecause it involves a comj^arison between two variable 
quantities. Tiie ratios so obtained are very considerably affected by varia- 
tions of age-distribution in the population concerned, and by variations in 
the mortality at other ages than those under special consideration. Still, 
in the absence of the data necessary for the use of the more accurate 
methods, which require either a careful census of the population, or an 
accurate registration of births, the j^early percentages of deaths under one 
and under five yield sufficiently trustworthy results for purposes of com- 
parison. In many communities in the United States no other method is 
available, so imperfectly are the numbers of the living and of the yearly 
births ascertained and registered. 

Variations of Infant Mortality. 

A few statistical statements, derived from various sources, and relating 
to different countries and communities, will serve to exemplify the three 
methods of estimation which have just been described, and will also show 
the limits within which the mortality of childhood varies. 

The mean annual death rates of infants under one, in some of the 2:)rinci- 
pal countries of Europe, have been stated by Dr. Farr' to be as follows: out 
of 1,000 infants there die yearly in Sv/eden, 141.8 ; in Denmark, 137.5 ; 
in England, 182.6; in France, 223.2; in the Netherlands, 237.5; in Spain, 
249.6; in Italy, 273.3. 

The annual death rates in 1,000 children under five, according to the 
same authority, were : in Norway, 40.9; in Sweden, 51.4; in Denmark, 
52.7; in England, 67.6 ; in Belgium, 74.9 ; in France, 79.2 ; in Prussia, 
82.4; in Holland, 91.2; in Austria, 104.0; in Spain, 111.7; in Italy, 113.5. 

The yearly ratio of deaths under one to births in different countries is 
shown by Dr. Edward Jarvis to have varied as follows : In Norway the 



' Mortality of Children in the Principal States of Europe. By Dr. William Farr : 
Journal of the Statistical Society, Vol. XXIX., pp. 30 and o5. 

^ Fourth Annual Eeport of the Massachusetts Board of Health, p. 190. 
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ratio was 10.71; in Scotland, Vd.oo; in Massachusetts, 13.91; in Sweden, 
1434; in England, 15.40; in France, 10.80; in Austria, 17.94; in Spain, 
18.61; in Italy, 33.80; in the Netherlands, 24.17; in Austria, 25.19; and 
in Bavaria, 34.04. 

The percentages of deaths under one and under five to deaths at all 
ages, calculated by Dr. Jarvis from the yearly vital statistics of a number 
of different populations, are exhibited in the following table : ' 



COUNTUY. 



Massachusetts. . 

Kentucky 

South Carolina 

Michigan 

England 

Scotland 

Russia 

Sweden 



Ratio per cent, to 
deaths at all ages. 



Under 1 . i Under 5. 



19.43 
21.87 
23.31 
25 . 93 
21 .24 
19.35 



22.26 



30.01 
41.61 
45.59 
33.21 
40.53 
37.96 
52.60 
39.52 




Norway 
Prussia . 
Austria 
Holland 
France . 
Italy . . . 
Spain . . 



18.82 
21.25 
30.39 
31.94 
20.92 
27.72 
18.61 



33.33 
47.52 
49.96 
46.58 
32.71 
47.26 
38.46 



The foregoing data have all related to aggregate populations, com- 
prising both urban and rural districts. We will now give a few figures 
showing the pi-evalence of infant mortality in cities. 

In London, during a period of ten years (1851-60), the deaths under 
five were 43.8 per cent, of all deaths. The death rate during the years 
1861-70, among children under five, was 81.6 in a thousand; during the 
eight years following (1871-78) it was 73.8. 

In Paris, according to Bertillon,'' the mean death rate under one during 
four years (1802-66) was 290 per 1,000. In Berlin, during a period of 
fifteen years (1854-1868), over a third of all the deaths took place under 
one year of age. In 1872 the mortality under one was 310 per 1,000; in 
1873 it was 320 per 1,000, the general death rate being 28.29. In 1872 
deaths under one were 39.9 per cent, of all deaths, and in 1873 their per- 
centage was 42.0.* 

In New York, during seven years (1866-1872) the mean percentage of 
deaths under one was 30.5; that of deaths under five was 50.0. In Cin- 
cinnati, during seven years (1867-1873) deaths under one were 25.5 per 
cent, of all deaths; and deaths under five were 48.1 per cent. In 1869 
<leaths under five amounted to 51.0 per cent. In Cleveland, in 1873, the 



' Fourth Annual Report of the Massachusetts Board of Health, p. 197. 
' Ddinographie fig^uree de la France. Paris, 1874. 

^ Virchow : Berlin, klin. Wochenschrift, Dec. 9, 1872. Monatschrift fur med. Sta- 
tistik. Sept. and Oct.. 1874. 
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percentage of deaths under one, still-births deducted, was 29.5; and that 
of deaths under five was 49.1. 

In Boston — which is by no means one of the unhealthiest cities of the 
United States, the mean general death rate not exceeding 24.5 in a thou- 
sand — the mean death rate under one year of age, determined in four 
census years (1855, 1865, 1870, 1875) was 272.7 in a thousand infants living 
of that affe, and the death rate amon^ a thousand children under five was 
95.6.^ That such high rates of infant mortality have not always pre- 
vailed in Boston is shown in the following table,'^ which exhibits the per- 
centages of infant mortality during a period of 54 years. 



Years. 



Means of 10 years. 

Means of 5 years . . 
Single years 



1820-29 
1830-39 
1840-49 
1850-59 
1865-74 
1865-69 
1870-74 
f 1874 
1875 
1876 
1877 



Percentage of 
deaths under 
one to total 
deaths. 



8.73 
12.66 
12.76 
23.84 
25.40 
23.9 
27.0 
28.19 
25.25 
24.82 
24.95 



Percentage of 
deaths under 
five to total 
deaths. 



25.69 

35.17 

37.52 

46.49 

41.70 

41.3 

42.1 

42.99 

44.34 

43.04 

40.94 



In marked contrast with the mortality of infants in great cities are the 
rates prevailing among rural populations. In the sixty-three " Healthy 
Districts " of England the mean annual death rate of children under five 
was only 40.34 in 1,000 living at that age; and in twenty-eight selected 
districts the rate was as low as 33.48.^ 

The foregoing figures serve to show how greatly the mortality of early 
childhood varies in degree in different localities. We will now pass to a 
more important part of our subject, namely, the nature and causes of the 
diseases which prevail in the early years of life, and we will lay special stress 
on those diseases of infancy which appear to be more or less amenable to 
prevention by sanitary agencies. 

The Principal Diseases of Infancy — Their Nature and their Causes. 

It must, at the outset, be acknowledged that any attempt to ascertain 
accurately the nature of the diseases which occasion the great mortality of 
infancy is surrounded with difficulties, owing not only to the inherent ob- 

' Seventh Report of the Masschu setts Board of Health, p. 496. 

Constructed from figures given in the Yearly Reports of the City Registrar. 
2 Supplement to the iiSth Report of the Registrar- General, p. xi. 
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sourity of the subject of infantile pathology in itself, but also, and per- 
haps chiefl}', to the general prevalence of imperfect or inaccurate diagnosis 
and of careless registration. The diseases of infancy, as registered in dif- 
ferent communities, and at different times, are apt to vary quite as much 
on account of different habits of diagnosis and different systems of nosol- 
ogy, as on account of differences in the nature of the diseases themselves. 
In very few communities, if indeed in any, are the causes of death accu- 
rately registered, and the shortcomings are chiefly apparent in connection 
with the diseases of infancy. 

The most careful, elaborate, and comprehensive data relating to the 
causes of diseases prevailing in childhood are to be found in the records 
of the registrar-general of England. The following table,' constructed 
by Dr. Farr from the registrar's figures for the decenniad 18G1-18T0, 
shows the comparative degrees of prevalence of certain forms of fatal in- 
fantile disease in different classes of English communities: 

TABLE 

SHOWING THE NUMBERS DYING UNDER FIVE YEARS OF AGE OUT OF 1,000,000 
CHILDREN BORN ALIVE, (1) IN THE HEALTHY DISTRICTS, (2) IN ALL ENGLAND, 
AND (3) IN THE DISTRICT OP LIVERl'OOL. 





Healthy 


England. 


Liverpool 




districts. 




district. 




175,410 


263,182 


460,370 




49,7G1 


87,099 




171,009 




603 


3,331 


5,175 




5,257 


11,507 


25,514 




11,373 


17,959 


20,818 




4,184 


2,425 


3,395 




9,650 


14,424 


32,551 


Typhus, ty|)li()i(l, and common fevers . . . 


2,807 


5,401 


9,297 




9,354 


20,344 


51,911 




399 


1,129 


4,255 




6,135 


10,579 


12,093 




110 


71 


62 




5,335 


8,115 


11,694 




2,656 


4,469 


5,116 




6,604 


9,296 


14,972 




22,692 


40,065 


49,840 




1,304 


1,507 


2,038 




27,884 


41,476 


79,893 


Diseases of the stomach and liver 


4,431 


4,778 


4,874 




4,232 


5,175 


17,107 




50,401 


61,131 


103,765 



' From the Supplement to the 35th Registrar-General's Report, p. xxix. 
Vol. II.— 18 
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Dr. Farr, commenting on tlie causes of death among infants under one 
year of age, remarks that "to convulsions, diarrl)oea, pneumonia, bronchi- 
tis, chiefly, their deaths are ascribed. . . . The first two are said by imtliol- 
ogists to be often rather symptoms of disease than diseases in themselves." 
. , . " In the second year of life," adds Dr. Farr, " pneumonia, bronchitis, 
and convulsions are still the prevalent and most fatal diseases; many also 
die then of measles, whooping-cough, scarlatina, and diarrha^a. Scarlet 
fever asserts its supremacy in the second, third, fourth, and fiftli years of 
age. Whooping-cough is at its maximum in the first year, measles in the 
second, scarlatina in the third and fourth years. Thus these diseases take 
up their attacks on life in succession, and follow it onwards." ' 

In the United States, registration is very much less full and accurate 
than in England; and the data in relation to the diseases of infancy and 
childhood are of a very unsatisfactory nature. That such is the case is 
made evident from the following table ' showing- the ])roportionate mor- 
tality due to the various diseases of early life as commonly diagnosticated 
and registered in Massachusetts: 



Causes. 



Diseases of brain 

Bronchitis 

Cephalitis 

Cholera infantum 
Consumption . . . 

Convulsions 

Croup 

Debility 

Diarrhoea 

Diphtheria 

Dysentery 

Enteritis 

Typhus fever.. . . 
Hydrocephalus .. 



Massachusetts, 

1870. 
Percentage on all 
deaths under five. 



1.38 
1.02 
3.55 
17.40 
3.23 
4.80 
4.14 
1.95 
2.57 
1.57 
2.88 
0.94 
1.34 
4.57 



Causes. 



Massachusetts. 

1870. 
Percentage on all 
deaths under five. 



Canker 

Measles 

Infantile 

Pneumonia 

Premature birth . . 

Scarlet fever 

Tabes rnesenterica, 

Teething 

Whooping-cough , 

Burns 

Casualty 

Lung diseases . . . . 
Scrofula 



1.33 
2.03 
4.76 
G.85 
2.52 
7.14 
2.74 
2.92 
3.27 
0.55 
0.25 
0.29 
0.55 



The registration of vital statistics has been longer established and 
more fully developed in the State of Massachusetts than in almost any 
other part of the country. Nevertheless this table will not serve so 
much to show the causes of death among children as to illustrate the 
careless and inefficient way in wliich registration is carried out by the 
medical profession of this country; for, out of all the so-called "causes of 



' Supplement to 35th Report of the Registrar-General, p. xxviii. 
^ From Dr. Jarvis's paper on Infant Mortality, 4th Report of Mass. State Board of 
Health, p. 2;)4. 
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death " therein specified, nearly half are quite devoid of any precise noso- 
lofjical significance. 

In this country, as indeed elsewhere, a large proportion of fatal cases, 
in whicii death has resulted from various primary causes, are promiscu- 
ously registered vinder the headings of teething and convulsions. These 
designations are utterly unsatisfactory, inasmuch as they convey absolute- 
ly no idea of the real cause of death. Teething, on the one hand, is a 
physiological process, a phase of normal growth, which coincides, to be 
•sure, with a period of danger to health and life, namely ^oeaning, but 
which probably stands in no causal relationship to the diseases which may 
then prove fatal. It is safe to assert that the numerous deaths everywhere 
imputed to this imaginary cause are merely illustrations of inadequate diag- 
nosis. Convulsions, on the other hand, are but a frequent epiphenomenou 
of serious or fatal infantile disorders. They generally occur either at the 
first onset of some acute disease,' whose ulterior symptoms do not have 
time for full development, or escape attention or recognition; or else they 
constitute the closing scene of antecedent disease of short or long dura- 
tion. In such cases " convulsions " should no more be made to do duty 
in registration as the " cause of death " than asphyxiaby bronchial mucuSf 
which in adults is so often the ultimate phenomenon of disease and the 
direct mechanical cause of the cessation of life. 

Taking into consideration, then, the comparatively valueless character 
of registration in connection with the causes of death among children, we 
must content ourselves with a somewhat rough classification of the prin- 
cipal diseases which take part in the production of infantile mortality. 

These may be divided into the following four classes, comprising those 
disorders which prevail most extensively and cause the greatest loss of 
life among children: 

1. The acute infectious zymotics, among which the most important by 
their frequent occurrence and fatality are the ordinary eruptive fevers 
(measles, scarlet fever, and small-pox), diphtheria, and whooping-cough. 

3. Inflammations of the respiratory organs, registered chiefly under 
the headings bronchitis and pneumonia. 

3. Tabercular diseases and scrofula, including cases recorded under 
the names of phthisis, tabes mesenterica, etc. 

4. The diarrhmal diseases, which are registered, and, as will be shown 
farther on, often disguised, under a great variety of more or less correct 
designations. 

We will now consider in turn, with special reference to their causes, 
each of the foregoing classes of disorders, laying stress chiefly on those 
forms of infantile disease which seem to be more or less preventable. 



' Dr. Radcliife says that "in the fevers of infancy and early childhood, especially in, 
exanthcmatoiis forms of these disorders, convulsion not iinfrequently takes the place 
occui)ied by rip^or in the fevers of youth and riper years." A System of Medicine, by 
Reynolds, Vol' II., p. 093. 
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Class T. — The Acute Infectious Zymotics. 

The acute infectious zymotics which deserve special consideration on 
account of their widespread prevalence are the common eruptive fevers 
(scarlet fever, measles, and small-pox), diphtheria, and whoopiniv-coug'h. 
These diseases, which contribute so largely to the general mortality of 
every community, are well known to be pre-eminently diseases of childhood. 
Dr. Farr's calculations show that the mean ages at death by these diseases 
were in England (1848-'?0) as follows : whooping-cough, 1.8 years; mea- 
sles, 2.7; scarlatina and diphtheria, 5.8 years; aiid small-pox, 11.9 years. In 
England during ten years (18Gl-'70) the deaths under five caused by these 
five diseases amounted to 18.8 per cent, of all deaths at that age. In 
Massachusetts, in 1870, a year when small-pox was not prevailing, the pro- 
portion of deaths under five so caused was 14 per cent. In Boston, in 
1875, the corresponding percentage was much higher, over a quarter (2G.7 
per cent.) of all the deaths under five having been due to these diseases 
alone. 

Of all the acute infectious diseases whicli occasion death in early life, 
scarlet fever, in consequence of its extensive and almost unremitting preva- 
lence, is by far the most destructive. The mortality caused by this dis- 
ease falls principally upon young children. In England, from 18G1 to 
1870, of all deaths under five, as many as G.7 per cent, were due to scarlet 
fever. Dr. Murchison's statistics constructed from a total of 148,820 
deaths from scarlet fever, which had occurred in England and Wales, show 
that G3.87 per cent, of all the fatal cases occurred under five years of age.' 
In Philadelphia, of all the deaths so caused during a period of forty-five 
years, nearly three-quarters (73.37 per cent.) were under five. Dr. Draper's 
analysis of the Registration Reports of Massachusetts showed that 67 per 
cent, of the deaths by scarlet fever occurred under the age of five years.'* 
Thus we see that this is pre-eminently a disease of infancy and childhood. 
According to Dr. Farr, the years of life in which it most frequently proves 
fatal are the second, third, fourth, and fifth. These facts suffice to show 
how very large a part is played by the acute infectious diseases in the 
production of infant mortality, and how important it is that their dissemi- 
nation should be restricted by all the available means of prevention. 

The diseases now under consideration all have this feature in common, 
that they are transmissible by contagion, immediate or mediate, from sick 
persons to predisposed healthy subjects. In the causation of such diseases 
there are then two necessary factors to be considered, namely, the. jyredis- 
positio'ii and the contdf/toii, resulting from the exposure of a healthy sub- 
ject to the specific poison of an infectious disease. The prevention of in- 
fectious disease rests upon our knowledge and control of both of these two 
orders of causes. 



' The Lancet, September, 1864, page 483. 

'■^ Paper ou Scarlet Fever, by Dr. A. H. Johnson : Ninth Mass. State Board of Health 
Report, i)age 2G9. 
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Of the predhpositio)^ to infectious disease our knowledge is ven* slight 
and vague. We know it only by its result, which is siisceptihiUtij to dis- 
ease; but we ignore wholly in what it consists, and we have only vague 
])resumptions with regard to the conditions under which it exists. Some 
authorities are inclined to believe that unfavorable local conditions of soil, 
of drainage, and of water-supply, such as commonly prevail in poor and 
crowded districts, and are the origin of what have been called by the ex- 
pressive name of " filth diseases," may be to a certain extent accessory 
causes of the general prevalence and occasional severity of certain infec- 
tious zymotics. These conditions, which appear to modify the intensity 
of such diseases in different individuals in different localities and at dif- 
ferent times, prol)al)ly exert their influence by increasing the predisposition 
of the exposed sul)jects to severe forms of disease rather than by bringing 
about any modification of the morbific poison itself. If this view be cor- 
rect, there is reason to believe that sanitary measures directed against the 
more manifestly filth-begotten diseases, such as the diarrhoeas and typhoid 
fever, especially such measures as aim at the purification of air, soil, and 
water in overcrowded urban districts, may also act favorably upon the 
acute infectious diseases which make so many victims among infants and 
children. 

Against small-pox, as is well known, we possess in vaccination an in- 
valuable means of prevention, whicli operates by annulling or attenuating 
the predisposition to the disease. Jn very few, if any, connnunities, how- 
ever, is this precious resoui'ce so fully utilized as to yield its full measure 
of protection, and it is principally in the first years of life that the evil 
results of such neglect are apjjarent. Thus, in Boston, where a delay of 
two years from birth is allowed for vaccination, in the epidemic of 1872 — 
which was by far the most severe outbreak that had been experienced 
since the introduction of vaccination — over a quarter (26.5 per cent.) of 
all the fatal cases of small-pox occurred in children under five, although 
the latter constituted only one-eighth of the entire population of the city; 
on the other hand, youths aged between five and fifteen years, making 
18.5 per cent, of the living population, contributed only 5.8 per cent, of 
the deaths b}' small-pox." These figures show the deficiency of protection 
in the first years of life, and the efficacy of vaccination practised later on 
in the ages of attendance at school. 

Medical men are everywhere agreed that there is no conceivable rea- 
son why vaccination should ever be postponed beyond the first months, 
or even weeks, of an infant's life, and that at times of ej^idemic prevalence 
of small-pox the delay of even a few weeks is unadvisable. 

The remedy for the neglectful delay or omission of vaccination is of 
course the compulsory vaccination of children, performed within pre- 
scribed limits of time, and enforced, under penalties, by public authority 
(boards of health). But although, as already said, no medical reasons 



' From the Report of a Medical Commission on the .Sanitary Condition of Boston, 
1875, p. 93. 
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exist for allowing the performance of vaccination to be postponed be- 
yond the first weeks, or even days, of an infant's life, nevertheless the 
expediency of so limiting the period allowed for compulsory vaccination 
must, in most communities, be doubtful. There is a danger in attempting 
too zealously to enforce early vaccination which must be guarded against 
— a danger, namely, of rendering a desirable sanitary measure intolerably 
vexatious, and of exciting among the ignorant and prejudiced an opposi- 
tion which might in the end defeat the very object of the intended re- 
form. 

The limit of time to be allowed for the compulsory vaccination of in- 
fants and children, then, must vary with the degree of enlightenment of 
different communities; but it can be safely asserted that the period dur- 
ing which children shall be allowed to remain unvaccinated ought every- 
where to be abridged to the greatest extent that may apjjear to be com- 
patible with the general acquiescence of the public. It is to be hoped 
that public opinion may some day be educated to such a point in this 
particular matter that it may be possible, especially at the first outbreak 
of a new epidemic, to enforce vaccination within the first six months, at 
least, of every infant's life. 

The prevention of contagion is undoubtedly attainable in a large 
measure by means of sanitary precautions, pertaining both to jorivate and 
to public hygiene. The first means to be advocated, and, in so far as is 
possible, enforced by public authority (boards of health), is the isolation 
of the sick, at home or in hospitals. Another precaution of a similar 
nature consists in preventing attendance at school on the part of children 
who are affected with infectious diseases, or who are in any way capable 
of acting as carriers of contagion. Against the chances of mediate con- 
tagion the chief resource is a proper and adequate resort to the disinfec- 
tion or destruction of all infected articles. 

We will not dwell longer upon this subject, which has been fully 
treated elsewhere, but will sum up our remarks upon this class of the 
fatal diseases of childhood by sayifig that much preventable fatal disease 
at early ages is due to the reckless, almost wholly unrestricted dissemi- 
nation of contagia, and to the neglect of early vaccination; and that in 
every community, but especially in all towns and cities, it is eminently 
desirable that the public authorities should be placed upon such a footing 
and so armed with the requisite powers as to be able to enforce among 
the ignorant, the careless, and the criminally neglectful members of the 
population the sanitary precautions which are known to be efficacious 
against the spreading of infectious disease. 

Class II. — Inflammations of the Respiratory Organs. 

Deaths caused by these diseases are registered under the headings of 
bronchitis, pneumonia, congestion of the lungs, oedema of the lungs, or 
simply "lung disease." These affections are known to be particularly 
frequent and fatal at the extreme ages of life. In England, according to 
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Dr. Farr's figures, diseases of the lungs cause nearly a sixth (15.7 per 
cent.) of all deaths under five. In fxindon, of all deaths by bronchitis 
and pneumonia, nearly a half (44 per cent.) occur under five. In Massa- 
chusetts, 38.4 per cent, of the fatal cases of pneumonia take place under 
five. 

The relative frequency of deaths ascribed to bronchitis and to pneu- 
monia varies in different localities. Throughout England, deaths by 
bronchitis are more than twice as numerous as deaths by pneumonia. In 
Massachusetts, on the other hand, moi'e than twice as many deaths are 
caused by pneumonia as by bronchitis. 

The acute inflammations of the respiratory organs result from various 
causes. In a large proportion of such cases, where the disease is primary, 
the cause must undoubtedly be sought in exposure to wet and cold, re- 
sulting from lack of proper clothing, deficiency of fuel, and ill-constructed 
habitations. Hence, the great increase of deaths by bronchitis and pneu- 
monia in the winter months. A careful analysis of the statistical records 
of our great cities shows that the ill effects of the cold season are chiefly 
felt among children over one and under five years of age. Many of the 
fatal cases of bronchitis and pneumonia undoubtedly occur as secondary 
complications or sequehii of infectious diseases, particularly of measles 
and whooping-cough. 

The prevention of these disorders relates to private rather than to 
public hygiene. The provoking causes just mentioned are obviously only 
in a slight degree removable, inasmuch as they are largely results of 
parental poverty, ignorance, and carelessness. 

Class III. — Tuherculak Disease axd S(;rofula. 

Tire various forms of tubercular and strumous disease which occur in 
early cliildhood comprise cases registered and scattered under the follow- 
ing somewhat equivocal designations : phthisis, consumption, lung disease, 
tubercular meningitis, hydrocephalus,.cephalitis, disease of the brain, con- 
vulsions, tabes mesenterica, marasmus, scrofula, teething, debility, and 
" infantile." Cases of tuberculosis occurring in the first years of life are 
so often obscure, and the registered diagnosis is so liable to be mistaken 
or misstated, that it is scarcely possible to determine even approximately 
the degree of prevalence of those disorders. An examination of the 
figures contained in the Massachusetts Kegistration Reports shows that 
at least from 10 to 15 per cent, of all deaths under five must be attributed 
to this class of diseases. In great cities, where the conditions under 
which these forms of constitutional disease originate are much more preva- 
lent than in rural districts, the proportion of infant mortality so caused 
must be much greater. 

Disorders of this class almost invariably result from constitutional dis- 
ease transmitted from consumptive or scrofulous parents to their children, 
and in proportion as the adult members of any population are liable to 
these diseases, in such proi)ortion will the early forms of tubercular and 
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scrofulous disease prevail among their ofTsjjriiig-. As regards the ages at 
which hereditary phthisis is developed in the successive generations of a 
family, it has been asserted ' that when a man becomes consumptive at 
sixty years of age, his children die before reaching the age of forty, and 
his grandchildren in infancy or childhood; in other words, the manifesta- 
tions of the inherited disease appear at earlier ages in each succeeding 
generation. Mr, John Simon says that " whatever tends to increase tu- 
bercular disease among the adult members of a i^opulation must be re- 
garded as assuredly tending to produce a profjressive dejjcjieration of 
race.'''' The effects of this physical degeneration are strikingly manifest 
in the lower classes of almost all great cities, and show themselves unmis- 
takably in the form of tubercular and strumous diseases prevailing among 
infants and young children. Especially is this the case in densely popu- 
lated manufacturing cities, where so many causes of physical deterioration 
combine to assail the working-classes. 

In the peculiar conditions under which life is now maintained among 
the lower classes of great cities, harmful agencies can be shown to exist 
which seem to account in a large measure for the existence of liigh I'ates 
of infant mortality. There is in the present age a marked tendency to- 
ward the concentration of populations into large manufacturing and com- 
mercial centres. In these, as lias been pointed out by De CandoUe,* there 
is a great development of trades and callings, which require manual skill 
and intelligence rather than bodily strength, and which are not incom- 
patible with physical debility. Hence, the creation of large and densely 
crowded urban populations, composed of skilful and intelligent, but often 
physically feeble artisans, whose avocations oblige them to lead sedentary 
and confined lives, and who are liable, in consequence of excessive com- 
petition, to be overworked, underfed, and ill-housed. Public charities 
and carefully organized medical assistance are provided for the most 
needy and unfortunate. All these favoring conditions combined enable 
the weaker individuals to get along in life and to marry, whence results 
the generation of a stock of congenitally feeble infants. It has thus been 
shown by De Candolle that in a high state of civilization, such as is at- 
tained in the great cities of the present age, conditions of life exist which 
actually reverse the ordinary processes of natural selection, and bring 
about the survival of the (physically) ?«ifittest. These are enabled to 
live, to marry, and to procreate; but their offspring, inheriting feeble or 
diseased constitutions, are necessarily short-lived. 

The only means of prevention which can be expected to counteract 
these deleterious conditions are those which serve to check the develop- 
ment of phthisis, tubercular disease, and scrofula, among adults. For 
this purpose all the resources of hygiene, both public and private, must 
be brought into play. 



' Prof. Natalis Guillot, quoted by Herard and Comil : De la phthisic pulraonaire. 
Paris, 18G7, p. 569. 

- Alphonse de Candolle : Histoire des sciences, etc. , Geneva, 1873, pp. 368 to 373. 
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Class IV. — The Diarrheal Diseases, 

These, by reason of their very great frequency and fatality, are by far 
the most important of all the diseases of early life. To determine the 
precise extent of their prevalence in any community is impossible, so inac- 
curately are the diseases of infancy and childhood everywhere registered. 
Cases of fatal diarrhoeal disease are recorded under a great variety of 
designations, among which the following may first be enumerated, as 
being the least equivocal : diarrhoea, cholera infantum, cholera morbus, 
enteritis, gastritis, gastro-enteritis, entero-colitis, inflammation of the 
bowels, dysentery, etc. 

The amount of mortality ascribed to these forms of diarrhoeal disease 
varies greatly in different localities ; everywhere, however, the deaths so 
caused make a very large proportion of the total mortality at all ages. 
In Etigland, according to Dr. Farr's figures, in the healthy districts, out 
of all deaths under five, the percentage of deaths ascribed to diarrhoea and 
dysentery was 5.3; in the country at large (England and Wales) it was 
7.7; in Liverpool 11.3; and in Leicester it was as high as 17.3. The form 
of diarrhcjeal disease which is most prevalent in the United IStates, espe- 
cially in the cities, is that which appears in registration under the name of 
cholera hifanhim. In the State of Massachusetts, the deaths attributed 
to this disease alone amounted during ten years (18GG-1875) to 18.G per 
cent, of all the deaths under five ; in one year of exceptional fatality, in 
1873, the percentage reached as high as 24.0. 

But, although the aggregate of deaths recorded under these various 
headings make, as we have just seen, a very imposing total, representing 
in great cities of this country over a fifth of all the deaths under five 
years, they are far from representing the full measure of mortality at- 
tributable to infantile diarHuxia in all its forms. In the first place, many 
of the numerous deaths occurring in early life, which are ascribed to rna- 
rasi/i'ts, are undoubtedly cases of summer diarrhoea, more or less disguised 
by a subacute or chronic course and a prolonged duration. The real na- 
ture of such cases may be recognized from the fact that a majority of the 
deaths registered as marasmus occur in the summer and autumn months. 
In the next place there is reason to believe that, in many cases of death 
resulting from infantile diarrhoea, an erroneous and misleading diagno- 
sis of the "cause of death" is made and recorded. To substantiate this 
assertion, we must refer our readers to a work of the highest value,' 
recently published by Prof. Parrot, of Paris, in which quite novel views 
in relation to the nature and nosological significance of the diarrhoea! dis- 
eases of infanc}'- are set forth. No summary of Prof. Parrot's ideas, un- 
supported by the clinical and pathological basis upon which they rest, 
can suffice to convince the reader of their value and significance. We 
will nevertheless try to set forth, as briefly as possible, the leading points 
of the broad generalization by which Prof. Parrot reduces to a clear and 



1 Clinique des nouveaux-uos. L'Athrepsie : J. Parrot, Paris, 1877. 
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simple nosological conception, an incoherent assortment of morbid de- 
rangements, whose common origin and mutual relations had been unob- 
served, and whose real nature and significance had been misunderstood. 

In cases of prolonged digestive disturbance, occurring in infancy, 
there is often a series of diverse symptoms and complications, each of 
which is liable to be looked upon as a disease in itself, although they 
in reality constitute so many successive pathological phases in the evolu- 
tion of one primary disease. The latter — for which Prof. Parrot pro- 
poses the name of athrepsla, from a, privative, and 6peil/i<;, nutrition — 
whether acute, subacute, or chronic in its course, is always essentially one 
and the same disease. From an etiological point of view, it has an un- 
equivocally characteristic feature, which is, so to speak, its stamp: the dis- 
ease invariably results from an inadequate or unsuitable diet, occasioning 
derangements of digestion and nutrition. Pathologically, its distinguish- 
ing feature is a progressive denutrition, or wasting of the entire or- 
ganism, totius sifbsttmtiw, resulting in emaciation, anicmia, and visceral 
steatosis. As regards its symptoms, it is characterized by a constant 
initial manifestation, namely diarrhoea, which, in the most sudden and 
acute forms (cholera infantum), may be at once the beginning and the 
end of the disease. In subacute and chronic cases, this initial diarrhoea, 
constituting what Parrot calls the gastro-intestinal phase of the disease, 
is succeeded by a series of disturbances, consisting chiefly of jjhenomena 
of denutrition, and by various secondary manifestations and complications 
resulting from the various organic alterations which ensue. 

The manifold disturbances and alterations occurring as separate symp- 
toms or complications of the disease called athrepsia, comprise: diarrhoea, 
thrush (or canker), erythema, ulcerations of the skin and mucous mem- 
branes, otitis interna, sclerema (or induratio neonatorum), coma, convul- 
sions, trismus. These, together with certain of the local alterations inciden- 
tal to the general disease, are described by authors, in so many separate 
chapters, as so many distinct morbid entities; and each is liable to afford 
to the practitioner a distinct diagnosis, supplying the " cause of death " 
in registration. From this nosological confusion results the multiplicity 
of designations resorted to in such cases. Some of the terms used in 
diagnosis and in registration, although nosologically incorrect or unsuit- 
able, are nevertheless sufficiently characteristic of the primary disease 
to allow its real nature to be recognized. Such are the cases in which 
death is ascribed to some form or other of digestive derangement. Some 
of the other designations are more misleading, but are yet capable of cor- 
rect interpretation. Thus, fatal cases of thrush and of trismus nascen- 
tium can with little hesitation be ascribed to infantile diarrhoea, with a 
strong presumption that the latter was the primary disease. There are, 
however, undoubtedly a large number of cases of death by athrepsia which 
go on record under some more or less vague designation applying to one 
of the accessory symptoms or complications of the disease, and such cases 
are thereby so disguised as to be no longer recognizable. A majority of 
the cases registered under the heading of convulslo?is are probably cases of 



INFANT :M0RTALITY. 



28a 



urnsmic eclampsia {enceplialopathies nremiques of Parrot) oocurrnirr at the 
termination of athrepsia, the initial manifestations of the primary disease 
having been unobserved or forgotten. The rest of such cases of " convul- 
sions " are instances of unrecognized febrile diseases, eruptive fevers, etc. 
These remarks apply also to cases recorded as " disease of the brain," of 
which a great proportion should undoubtedly be referred to athrepsia as 
the primary disease. Such is also the case with a number of instances in 
which death is ascribed to some vague or meaningless cause of death," 
such as : debility, premature birth, imperfect development, meningitis^ 
hydrocephidus, paralysis, consumption, etc. Finally, certain deaths 
ascribed to pneumonia are in reality due to athrepsia, pneumonia being, 
according to Parrot, one of the most frequent complications of that 
disease. 

Ath repsia, as described by Parrot, occurs in two principal forms, the 
rapid or acute, and the slow or chronic form. The acute form sets in 
suddenly with severe symptoms, after a few days of preliminary diarrhaml 
disturbance. The temperature rises, and remains high. Death ensues in 
a few days. In some of these cases, occurring in the hot season, the onset 
is extremely sudden and violent {forme yb^^f?J'0^/fl??^e), and the choleriform 
or cyanotic form of rapid athrepsia is observed, a type which answers to 
the disease so familiar in American cities under the name of cholera infan- 
tum. In the chronic form, the disease establishes itself insidiously. The 
first symptom is diarrhoea, followed by frequent vomiting. The daily 
losses so caused increase ; the ingesta become less and less, till finally 
food is refused ; the weight and size of the body decrease ; the tempera- 
ture falls ; the blood-corpuscles become fewer. Various complications 
ensue (thrush, erythema, ulcerations of the skin and mucous mem- 
branes, otitis). Finally death takes place, often preceded by convulsions, 
or trismus. The post-mortem examination reveals the existence of numer- 
ous alterations, among which the most frequent and striking are lesions 
of the brain (steatosis, softening, haemorrhage), lesions of the kidneys, 
lesions of the lungs (steatosis, emphysema, pneumonia). 

In the disease thus described under the name of athrepsia, we have a 
new nosological conception, in which the bond of a common etiology 
unites a diversity of hitherto separate affections and complications. These 
are shown to be etiologically one, having a common source in the same 
initial disturbance, namely, in the denutrition which results from an insuf- 
ficient or unsuitable diet. The value of the new morbid entity so con- 
ceived lies in this, that it brings together and co-ordinates a number of 
scattered, incoherent elements of infantile nosology, and thereby affords 
a clue by which we may be better enabled to interpret the hitherto hope- 
lessly obscure records of infant mortality; and that it svibordinates all 
the secondary UKinifestations and complications to a distinct primary dis- 
ease, whose mode of origin and whose causes are clearly set forth. 

If now we examine the existing records of infant mortality, in all their 
imperfection, by the light of these ideas, we cannot fail to perceive how 
greatly the field occupied by the diarrhoeal diseases of early childhood is 
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enlarged. In many localities, as, for instance, in Massachusetts, the mor- 
tality commonly ascribed to the various forms of diarrhoeal derangement 
amounts each year to nearly a quarter of all deaths under five, cholera 
infantum alone representing not far from a fifth (18. G per cent, from 
1866 to 1875 ; 24.0 per cent, in 1872) of the deaths under five. An 
approximative estimation of the additional deaths, attributable to unre- 
cognized cases of athrepsia classed under the misleading headings of 
canker or thrush, convulsions, trismus, disease of the brain, cephalitis, 
marasmus, tabes mesenterica, inanition, debility, teething, pneumonia, 
etc., so swells the aggregate mortality by diarrhoeal disease as nearly to 
double it. Deaths under five make from 35 to 50 per cent, of all the 
deaths in our cities ; and deaths under one make from 20 to 25 per cent. 
It can hardly be an exaggeration to say that of the former, nearly a half, 
and of the latter, fully three-quarters, are caused by athrepsia in its sev- 
eral forms. 

Let us now pass to the examination of the conditions under which the 
diarrhoeal diseases of infancy occur, with a view to determining their 
causes and the available means of prevention. 

TABLE 



OF AGES AT WHICH THE DEATHS OP THOSE OF FIVE YEARS OF AGE AND 

UNDER OCCURRED. 



Ages. 


No. of living 
children. 


No. of 

deaths. 


Death-rates 
per 1,000. 


1 month and under 




799 


633 


792.24 


1 " to 2 months and under 


783 


273 


346.69 


2 months to 3 " 




886 


192 


216.70 


3 " 4 " 


<c 


760 


150 


197.36 


4 " 5 " 


<c 


712 


163 


228.93 


5 " 6 " 


<( 


876 


154 


175.79 


6 " 7 " 


(C 


760 


143 


188.94 


7 " 8 " 


a 


753 


129 


171.31 


8 " 12 " 


(( 


7,G57 


514 


67.12 


1 year to 2 years 


<c 


8,498 


835 


98.25 


2 years to 3 " 


<< 


7,626 


429 


56.25 


.3 " 4 " 


11 


G,941 


330 


47.54 


4 " 5 " 




6,885 


222 


32.22 


5 years and under 


43,036 


4,167 


94.84 



J^tiology. — Age stands foremost among the predisposing causes. The 
maximum frequency of the fatal forms of diarrhoeal disease is during the 
first weeks of life; cases becomes less frequent after the lapse of the first 
year; and after two years of age, when the perils incidental to change of 
food are passed, these diseases are much less common. The very destruc- 
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tive form called cholera infantum seems to be quite strictly limited to in- 
fants of the nursing age. According to Meissner,' it does not occur after 
the completion of the first fifteen months of lite. The table ■ on preceding 
page, constructed by Dr. W. L. Kichardson from data relating to the city 
of Boston in the census year, 1875, sliows the mortality by all causes, 
among infants and children during the first months and years of life. 
From these figures the decreasing fatality of the diarrhoeal diseases dur- 
ing the first two years of life can be inferred. 

Other predisposing causes, which favor the development of athrepsia, 
by rendering the infant unable to obtain sufficient nourishment, are pre- 
mature birth, congenital weakness, malformations of the mouth prevent- 
ing nursing, and certain inflammatory affections, such as pneumonia, 
erysipelas, peritonitis, etc. Even so apparently trifling a disease as a 
coryza may, as is shown by Parrot, prove fatal in the first weeks of life, 
occlusion of the nostrils making it impossible for the infant to suck the 
breast sufficiently to sustain life. 

Locality causes great variations in the prevalence of infantile diar- 
rhoea. Sununer diarrhoea among infants is well known to be almost ex- 
clusively an urban complaint. Moreover, those cities are found to be most 
severely visited by this disease wliich are most densely populated. The 
manner in which density of population affects the death rate at all ages 
and the death rate among young children, the latter being increased in a 
much greater degree than the former, is strikingly shown in the follow- 
ing table, constructed by Dr. Farr : ' 



TABLE 

SHOWING KELATION BETWEEN DEATH RATES AT ALL AGES, AND UNDER 
FIVE, AND DENSITY OF POPULATION IN A SERIES OF ENGLISH DISTRICTS. 



Death rates, all ages. 


Death rates under five. 


Density. 
Persons to one square mile. 


IG 


37.80 


16G 


19 


47.53 


18G 


m 


G3.06 


379 


25 


82.10 


1718 


28.5 


95.0-4 


4499 


32 


111.90 


12357 


39 


139.50 


G5823 



If we take into consideration the great predominance of diarrhoeal 
disease among the causes of death in early life, we cannot avoid the infer- 



' Volkmaun's Clinical Lectures : Cholera Infantum, by E. A. Meissner, Leipzig, 1878. 
2 Paper ou Infant Mortality : Fourth Report of the Boston Board of Health, 187G, 

p. 

^ Supplement to Thirty-fifth Registrar-General's lieport, p. clix. 
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ence that overcrowding of the population is one of the factors ii])on which 
its prevalence, on a larg-e scale, in a locality chiefly depends. 

Ilosjyitals, and charitable institutions of all kinds, in which large num- 
bers of young infants are collected and cared for, are almost invariably 
the seats of an excessive mortality. A special, not to say specific, mor- 
bific influence has been supposed to become developed in such institu- 
tions. Parrot, while recognizing the existence and the destructiveness of 
such a nosocomial influence, is of the opinion that its disastrous effects 
upon infant life are simply results of the common and familiar pathogene- 
tic conditions which everywhere underlie the production of athrepsia.' In 
charitable institutions the laws of infant liygiene are apt to be ignored or 
neglected, the results being only such as might in every case be foreseen 
and prevented. 

lilfluence of season. — Urban districts, even when most densely popu- 
lated, do not suffer at all times from the severe forms of infantile diar- 
rhoea, for the jjroduction of which another condition is necessary, namely, 
a high temperature. The intimate connection existing between summer- 
heat and cholera infantum is such that in New England the disease is 
hardly known to occur except during the summer months; cases then take 
place during a few weeks in such numbers as to raise the general mortality 
to higher altitudes than are attained in any other season. It is owing to 
this circumstance that the maximum of our general yearly mortality 
■occurs in summer, whereas, in more temperate and more equable climes, 
as in England, the maximum mortality of the year occurs in winter. In 
New England the general death rate offers two maxima in the course of 
the twelvemonth, the higher of which occurs in the hottest weeks of the 
year, and is manifestly due to the prevalence of cholera infantum, while 
the other takes place in the coldest season. This second and lower maxi- 
mum is the counterpai't of the English maximum, and is due to the same 
cause, namely, to the prevalence of inflammatory affections of tlie respira- 
tory organs occasioned by cold and damp weather. The winter season is 
much more severe in New England than in England, and its influence 
Avould be much more apparent in our monthly records of mortality, were 
it not dwarfed by the still greater destructiveness of our hot season. 
Harsh as our winters are, they are far less destructive to life than our 
scorching summers. 

Similar effects are probably observed in all countries where the climate 
resembles that of New England in the alternation of very hot and very 
cold seasons. Virchow's figures show that Berlin resembles the cities of 
North America in the distribution of deaths throughout the months of the 
year ; infants under one there supply over a third of all the deaths, and 
the maximum mortality occurs in summer." 

In the cities of North America the effect of the invasion of high tem- 
perature is each year the same, the mortality varying, however, in propor- 



' Loco citato, p. 379. 

- Berlin, klinische WocheEschiift, Dec. 9, 1872. 
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tion to the intensity of the heat. In moderately hot summers (1867, 1871, 
1873) the mortality under one in Boston is doubled or tripled during the 
hottest month, while the mortality from one to five is increased by half, or, 
at most, doubled. In a very hot summer month, on the other hand (July, 
1872), deaths under one are suddenly almost quadrupled, the deaths from 
one to five being barely doubled. Thus, we see that the destructive indu- 
ence of excessive heat is felt much more acutely during the first year of 
life than subsequently, while the reverse is noticeable with regard to the 
influence of winter cold, which tells severely upon children who have 
passed the age of one year. 

The following table, relating to the city of Boston, shows the influ- 
ence exerted by the variations of summer-heat upon the diarrhoeal mor- 
tality, the most striking example thereof being afforded by the figures 
relating to the year 1872. 



Years. 


Temperatures at Cambridge Obser- 
vatory. 


Diarrhoeal diseases. 


Mean temp." Fahr. 
July and Aug. 


Mean temp, during 
the hottest month. 


Death rate per 
1,000 living. 


Percentage to all 
deaths. 


1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 


69.8° 
71.6° 
69.2° 
72.3° 
70.8° 
71.9° 
69.4° 
68.6° 
70.8° 


70.4° 
73.6° 
70.8° 
72.9° 
70.9° 
73.1° 
71.6° 
71.5° 
71.3° 


2.55 
3.10 
2.69 
3.63 

4! 10 
3.29 
2.70 
3.36 


9.20 
13.20 
11.44 
14.92 
11.29 
13.41 
11.71 
11.32 
12.80 



The facts observed in New York, in 1872, were very striking. The 
months of August and September were not very hot, but the mean tem- 
perature of July was 79.57°, being greater by 3.43° than that of the cor- 
responding month during the previous ten years. In consequence of this 
one month's excessive heat, the summer quarter of 1872 proved to be the 
most fatal ever known in New York. During the quarter, deaths under 
one amounted to nearly three-fifths (59.33) of all the deaths, and of the 
total mortality under one for the whole year, as much as 40.8 per cent, 
took place during the three summer months alone. Of all the deaths in 
the year, numbering 32,647, as many as 5,197, or 15.9 per cent., were due 
to diarrhoeal diseases. Of these deaths, 3,542 occurred under one year 
of age, making over 10 per cent, of the entire mortality of the year.' 

The foregoing statements relate principally to cholera infantum, as 
observed in a particularly severe climate. The same destructive influences 



' Third Annual Report of the New York Board of Health, 1873, pp. 106 and 164 
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are recognized in more equable climates, such as that of Paris, as is shown 
by the etiology of athrepsia: "It occurs," says Parrot, "in all seasons, 
but it is certain that it is particularly frequent during the hottest months, 
as in June, July, and August; and that it then assumes a very exceptional 
degree of severity. Often I have seen infants who were till then in good 
health, as well as others previously sick, but whose approaching death was 
quite unexpected, be suddenly struck down {foudroyes) by a day of thun- 
derstorms." 

Influence of diet. — We have seen that the most fatal form of diar- 
rhoeal disease (cholera infantum) occurs in infants of the nursing age, less 
than sixteen months old, under the influence of two conditions, namely, 
urban density of population and extreme summer-heat. Neither of these 
two conditions by itself suffices to generate the disease, for cholera in- 
fantum, on the one hand, does not prevail to any appreciable extent in 
rural districts even during the hottest weather; and, on the other hand, 
it is not observed in the most crowded cities during cold or cool weather. 
We have now to consider the influence exerted by another cause of in- 
fantile diarrhoea, perhaps the most important of all, namely, unsuitable 
food. 

It may, we think, be stated, as a proposition upon which all competent 
observers are agreed, that the most suitable food for infants is breast-milk; ' 
and that, in default of this, the natural aliment of the new-born child, the 
only tolerable substitute is the milk of some animal, preferably of the cow, 
freshly drawn and suitably administered. Let us now see what are th^ 
results of departing from the plain hygienic law thus briefly enunciated. 

Cholera infantum, says Meissner, one of the most recent writers on 
the subject we are considering, attacks only those children who have 
been raised without breast-milk, those who have been weaned too early 
and too hastily, or those to whom, on failure of the mother's milk, other 
food has been injudiciously administered. Under other circumstances 
than these, infants enjoy a complete immunity. 

Parrot, rehearsing the etiology of athrepsia, says that "vicious in- 
gesta constitute the most frequent and potent of all the determining- 
causes." The food of the infant, he shows, may be harmful by its quantity 
and by its quality. A superabundance of breast-milk is rarely or never a 
cause of disturbance. Cow's milk, however, administered by means of a 
bottle, is liable to be swallowed too fast and in unduly large quantities, 
whence arises indigestion, followed by diarrhoea and vomiting. An in- 
sufficient supply of breast-milk rarely, if ever, causes digestive disturb- 
ances, the state of inanition occasionally referred to this cause being 
almost invariably due to some defect in the quality of the infant's food. 
Occasionally the milk of the mother or of the nurse disagrees with the 
nursling; diarrhoea sets in and persists until a new nurse is obtained. The 
milk which causes athrepsia is, however, rarely breast-milk, but cow's milk 
administered in a nursing-bottle. This way of feeding infants is particular- 



1 See Infant Diet, by Prof. A. Jacobi, New York, 1874, p. 9. 



INFANT MORTALITY. 



289 



ly deleterious when the milk is deteriorated, whether by admixture or by 
not being fresh. The ill-effects so caused are much more rapid and severe 
in cities than in the country. " It may seem superfluous," adds Parrot,' 
"since we are speaking of new-born infants, to mention the harmful 
effects produced by other articles of food than milk, since such should be 
rigorously proscribed from their diet. But, unfortunately, infractions 
against this most natural law of hygiene are moi-e common than one would 
imagine, and are responsible, in a great number of cases, for the initial 
disturbances of atiirepsia." 

Dr. J. L. Smitli, in his well known treatise on the Diseases of Children, 
describes in so many chapters three forms of infantile diarrhceal disease, 
under the following names: non-inflammatory diarrhoea, intestinal inflam- 
mation of infancy, and cholera infantum. In the etiology of each form 
in succession, the use of improper food plays the most important part. 
Of cholera infantum he says that " atmospheric heat and its depressing 
influences are their predisposing causes, while the use of indigestible or 
irritating food is the exciting agent. Infants upon whom both causes 
are operative are most liable to cholera infantum in its severe form. 
Hence, bottle-fed infants of the city are especially liable to it, and infants 
whose food is carelessly and improperly prepared." ' 

The commission appointed by the House of Commons ' to investigate 
the causes of undue mortality among infants, states in the " lieport on 
tlie Protection of Infant Life " that " the ordinary mortality among infant 
children under one year of age is estimated at 15 or 16 per cent.; but the 
mere fact of their being hand-nursed instead of being breast-nursed will, 
unless great care is taken, raise the death rate, even in well conducted 
' Homes,' to 40 per cent, and upward. In the inferior class of homes, 
where the children put out to nurse are, for the most part, illegitimate, 
the death rate may be 40 to 60 per cent, in the rural districts; and in the 
larger towns, where the sanitary conditions are more unfavorable, it mounts 
up to 70, 80, and even 90 per cent." 

The superiority of breast-milk, the natural aliment of the infant, over 
all other foods being universally admitted, the question arises to what 
qualities is its superiority due ? Attempts have been made to demon- 
strate that tlie milk of the human breast, is, by its chemical constitution, 
better adapted than any other milk to the requirements of the new-born 
infant. It has been pointed out that it contains less nitrogenous matter 
(casein) and more of the hydrocarbons (sugar of milk) than covv's milk. 
It has also been shown that the casein of cow's milk differs in quality, as 
well as in quantity, from that of human milk, in that, when coagulated 
by the gastric juice, it yields a harder, more bulky, and less soluble curd 
than the latter. According to Biedert,* cow's milk contains 4 per cent. 

' Parrot : Loco citato, p. 384. 

- J. Lewis Smith : Diseases of Children, New York, 187G, p. 638. 

Report on the Protection of Infant Life, 1871, p. v. 

■* See Biedert : Archiv fiir pathol. Anat. iind Phy., Vol. LX., pp. 353 and 379. Parrot, 

loco citato, p. 434. 

Vol. IL— 19 
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of a casein wliich is only half as digestible as that contained in the pro- 
portion of 2 per cent, in human milk. 

The above-mentioned differences of composition existing between the 
milk of the human breast and that of animals do not, however, at all suf- 
fice to account for the disastrous effects ])roduced, under certain circum- 
stances, by the latter when used as food for infants. It is a well known 
fact that bottle-fed infants, raised on cow's milk, generally thrive in the 
country, when otherwise properly cared for, and that it is only in summer, 
in crowded urban districts and among the lower classes, that such fatal- 
ity attends the artificial feeding of infants. There must, therefore, be 
some other reason, besides the chemical composition and physical qualities 
of human breast-milk, to account for its great superiority over all other 
foods for infants. 

The explanation of the liarmfulness of animal milk as food for infants 
is to be found in the alterations which the milk is liable to undergo be- 
tween the time when it is drawn and its administration to the infant. 
This opinion has been gaining ground of late years, and finds support in 
recent investigations into the nature and origin of the phenomena of 
putrefaction. 

It has long been recognized that diarrhujal disease owes its prevalence 
to infection by filth. " Nothing in medicine," says Mr. Simon,' " is more 
certain than the general meaning of high diarrhceal death-rates. The 
mucous membrane of the intestinal canal is the excreting surface to which 
nature directs all the accidental putridities which enter us. Whether 
they have been breathed, or drunk, or eaten, or sucked up into the blood 
from the surface of foul sores, or directly injected by the physiological 
experiments, it is there that they settle and act. As wine ' gets into the 
head,' so these agents get into the bowels. There, as their universal re- 
sult, they tend to produce diarrhoea — simple diarrhoea, in the absence of 
specific infections ; specific diarrhoea, when the ferments of cholera and 
typhoid fever are in operation. And any such distribution of diarrhoeal 
diseases as has just been noticed warrants a presumption — indeed, so far 
as I know, a practical certainty — that in the districts which suffer the 
high diarrha?al death rate, the jjopulation either breathes or drinks a 
large amount of putrefying animal refuse." Let us now inquire how, 
and by means of what vehicle, filth-infection reaches the infant so as to 
occasion diarrh(X3al disease. 

Milk, when exposed to atmospheric air, is known to be pre-eminently 
putrescible. So liable is it to become contaminated by the development 
of various ferments, that Prof. Lister' has used it as a substitute for 
Pasteur's solution in his experimental investigations into the subject of 
fermentation and putrefaction. " Milk," he says, is a " pabulum for all 
kinds of organisms; nearly all varieties of bacteria (and there are indeed 

' General Board of Health : Introductory Report by the Medical Officer, London, 
1858, p. xi. 

- See a paper on Lactic Fermentation, by Prof. Lister : The Lancet, Dec. 23, 1877, 
p. 918. 
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very many varieties) will live in milk; whereas only a small proportion of 
such organisms will live in Pasteur's solution." Not only is milk very 
prone to decomposition, but it is exceedingly difficult to disinfect it, 
when once it has begun to undergo fermentative or putrefactive changes, 
in consequence of the access of organisms.' 

Certain researches made by Baginsky^ are of interest in this connec- 
tion. He made a series of comparative experiments, for the purpose of 
ascertaining the degrees of putrescibility of various articles of infant 
food, comprising woman's milk, cow's milk, Swiss milk, and two kinds of 
farinaceous food. These, having been previously boiled, were exposed to 
a continuous temperature of 37° C. " After twenty-eight hours' expos- 
ure to this temperature, the woman's and cow's milk remained almost un- 
changed; but the Swiss milk, although appearing fresh, and the two arti- 
ficial foods, exhibited bacteria in active motion. The woman's milk was 
alkaline, the cow's milk slightly acid, and the farinaceous foods were 
strongly acid. Aftei- a further exposure of eighteen hours, the cow's 
milk and the Swiss milk Avere coagulated, and the farinaceous foods in a 
high state of putrefaction; the woman's milk remaining still alkaline, and 
almost unchanged. The experiments were repeated many times and al- 
ways with the same results. They were also varied, and it was found 
that, by careful manipulation and the use of distilled water, these changes 
might be delayed ; but, for all practical conclusions, the first series of ex- 
periiTients holds good. The pre-eminence of human milk is acknowledged; 
then comes cow's. milk, and then Swiss milk ; and only at a far-oil" dis- 
tance the farinaceous foods experimented upon can be admitted, not as 
substitutes, but as mere supplementary substances, which are rendered 
less mischievous by the addition of milk." Baginsky's investigations 
were undertaken with a view to ascertaining the causes of the prevalence 
of infantile diarrhoea in Berlin, and he came to the conclusion that the 
disease was chiefly due to the use of improper food. 

Meissner, who asserts, as we have seen, that cholera infantum never 
attacks infants raised wholly upon breast-milk, is a determined advocate 
of the bacterial theory of diarrhtcal infection. He expresses his convic- 
tion that the agency which, in midsunnuer, in densely populated districts, 
occasions fatal diarrhoea, does not reside in the animal milk per se. The 
pernicious agent, he says, must be sought solely in the alterations of the 
drawn milk resulting from the access of atmospheric air, and from the im- 
perfect cleansing of the vessels in which the milk is kept and transported, 
and of the bottles, tubes, and mouthpieces through which it is ad- 
ministered to infants. He even goes so far as to assert that the same 
disastrous results ascribed to artificial feeding would ensue were human 
milk, drawn from the breast and transported to a distance, served to the 



' See a paper on Disinfection, by Dr. E. B. Baxter : Medical Times and Gazette, 
May 13, 1877, p. 513. 

•' Baginsky : Berliner klinische Wochenschrift, Feb. 21 and 38, 1870; also Medical 
Times and Gazette, April 15, 187(i. p. 435. 
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infant in nursing-bottles, like cow's milk, instead of being sucked from 
the breast; while, on the contrary, the use of cow's milk would not occa- 
sion cholera infantum, were it sucked by the infant directly from the teat 
of the cow. 

The most recent testimony in favor of the view that diarrhoeal disease 
results from putrefaction of the ingesta is to be found in a paper lately 
read before the Epidemiological Society, by Dr. William Johnson, of Lei- 
cester, in England. He therein expresses his belief that diarrhoea, as it 
affects both adults and infants during the summer montlis, owes its origin, 
in the majority of cases, to the introduction of living fungoid organisms 
into the system by means of air and water, and that the disease depends 
upon putrefactive changes in the bowel-contents which are correlative to 
the development and multiplication of the microscopic organisms.' 

The foregoing considerations point to the conclusion that the harmf ul- 
ness of certain articles of food (including cow's milk), which are widely 
used as substitutes for breast-milk, and which are known to play an im- 
portant part in the generation of infantile diarrhoea, does not depend 
upon the recognized fact that tliey are less digestible than breast-milk, 
but rather upon their marked liability to undergo early and rapid decom- 
position. 

Defective drainage and sewerage. — The association existing between 
uncleanliness and diarrhoeal disease has long been a familiar fact in sani- 
tary science. " Of diseases distinctively due to filth, the most character- 
istic," says Mr. Simon, ^ " are the diarrhoeal." Dr. William Johnson, in 
the course of his investigations into the causes of summer diarrhoea in 
Leicester, has emphatically called attention to the evil influence of im- 
perfect sewerage upon infant-life. " Charts were exhibited, indicating 
the distribution of the diarrhoeal deaths in Leicester during the epidemic 
of last summer. From these it was seen that there was a special inci- 
dence of the disease in those districts of the town Avhere the sewers 
wei-e found to contain deposit. Dr. Johnson observed that those towns 
which possess sites admitting a considerable fall of their sewers have a 
very low death-rate from the disease under consideration, but that for 
those towns possessing sites which do not admit of their sewers having a 
good fall, the opposite is true, and this irrespective of their industries." ^ 

The question now before us is to determine how this agency of filth 
infection operates to produce fatal diarrhoea in young infants. Some 
light is perhaps thrown on the subject by the contrast to be found in 
rural and urhaii forms of filth, considered in relation to their respective 
modes of infection, and to the resulting diseases. In rural and urban 
districts alike, uncleanliness consists in the non-removal of excreta and 



' Paper on the Etiology of Autumnal Diarrhoea, by Dr. Wm. Johnson : Medical 
Times and Gazette, January 11, 1878, p. 52. 

-Filth Diseases and their Prevention: by John Simon, M.D., F.R.C.S. : printed 
under the direction of the State Board of Health of Massachusetts, Boston, 1876, 
p. 22. 

" Medical Times and Gazette, Jan. 11, 1871), p. 53. 
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refuse matters of all kinds, but the results differ considerably in town and 
country. In the country, the air undergoes little or no permanent con- 
tamination; the drinking-water, on the other hand, is liable to become 
filthy, in consequence of the imperfect separation of sewage and water- 
supply which is characteristic of rural habits. The incoming and the out- 
going household waters are liable to become mingled, and filth-infection 
takes place. The resulting disease chiefly takes the form of typhoid 
fever; hence, the greater frequency of this disease in rural as compared 
with urban districts. In cities, on the other hand, the conditions are very 
different. Here the water-supply is generally pure, being brought from 
a distance and sedulously preserved from contamination by sewage. But 
the air is imjjure; especially is this the case in densely populated dis- 
tricts, where, the houses being high and the streets narrow, the sun rarely 
penetrates and ventilation is imperfect. When to these already un- 
favorable conditions are added the effects of an inadcnjuate provision 
for the removal of the various excreta of a superabundant and unclean 
population, the result is that the air is permanently laden with foul 
matters, comprising effluvia from the skins and lungs of the inhabitants, 
noxious vapors and gases from sinks, gutters and soil-pipes, and, worse 
still, excremental molecules from choked-up privies, drains, and sewers. 
Air reeking with these filthy matters requires only the ripening action of 
midsummer heat to be kindled, as it were, into a blaze of poisonous putrid- 
ity. When all these conditions are fulfilled, miasmata are generated which 
seem to concentrate their noxious influen(;e chiefly upon very young infants. 

The manner in which this morbific influence is exerted, with the effect 
of producing severe diarrlux3al disease, does not seem to us to admit of 
any doubt. In such surroundings as have just been described, all the con- 
ditions are combined which favor the rapid putrefaction of animal matters 
exposed to the access of the air. The articles of food used in the artificial 
feeding of infants are all known to be of a highly putrescible character. 
In midsummer, in poor, crowded, and ill-drained urban districts, under 
the combined influences of excessive heat and of contamination by filth, 
this tendency is aggravated to such a degree that the infants' food, when 
of an unsuitable nature — composed perhaps of stale milk, ill-kept and ill- 
served — is actually in a putrescent state when swallowed. 

It appears probable, then, that the poisonous miasmata which are 
evolved from urban filth under the influence of high temperatures do not 
exert their universally recognized noxious action upon the infant directly 
by inhalation, but indirectly through the intermediate instrumentality of 
putrescible articles of diet. The injurious agent by which this particular 
form of filth-infection takes place is rotten food taken into the stomach, 
rather than foul air taken into the lungs. 

Let us now sum up the facts relating to the causes of infantile diarrhoea 
which may be consideied as demonstrated, and see if, from such data, any 
theory can be deduced which may account for the generation of the disease. 

The most severe forms of diarrhoea — such as go by the name of cholera 
infantum, or summer diarrhoea — prevail on a large scale almost exclusively 
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under the following conditions : 1. During very hot weather. 2. In the 
i:)Oor and crowded districts of ill-sewered or unsewered cities. 3. Among 
hand-nursed infants of the nursing age. No one of these conditions suf- 
fices by itself to j^roduce the disease, the combined action of all three 
being indispensable. 

Diarrhoea is known to be the most common result of all putrid infec- 
tions. In cases of severe diarrhoeal disease, the bowel-contents them- 
selves are found to give evidence of abnormal putrefactive changes taking 
place in the intestinal tract. The food which proves deleterious when ad- 
ministered to infants is eminently liable to undergo putrefaction. The 
other conditions relating to tempex*ature and to filthy surroundings, in the 
absence of which severe diarrhoeal disease does not occur, are manifestly 
such as to favor the development of putrefactive changes. It is therefore 
inferred that infantile sunnlier diarrhoea results from filth-infection of 
which the vehicle is the food administered to the infant. 

According to this view, the generation of summer diarrhoea is always 
due to a single pathogenetic agency, namely, the ingestion of decomposed 
food, this contingency being itself dependent upon a combination of con- 
ditions, each of which separately has long been recognized as deleterious 
to infant life. This theory seems to explain the pathogenesis of cholera 
infantum in a simple and at the same time comprehensive manner. It 
recognizes and includes, as so many concurrent factors contributing to a 
common result, the various morbific agencies incriminated as predisposing 
or exciting cavises of diarrhceal disease. It conciliates and confirms rather 
than supersedes the diverse ajtiological views previously entertained. It 
meets all the exigencies of the problem involved in the causation of chol- 
era infantum in a more satisfactory manner than any other theory that 
has been brought forward. 

To conclude our remarks on the causes of infantile diarrhoea, it still 
remains for us to touch briefly upon certain conditions which play an im- 
portant part in the letiology of the disease, chiefly, it must be said, by 
bringing into play and favoring the morbific agencies described above, 

Illegithnacy is known to render the life of infants extremely preca- 
rious. The investigations of the commission appointed in 1871 to examine 
into the mortality of illegitimate children in England showed that, the 
proportion of illegitimate to legitimate children born in that country 
being on an average from 60 to 70 per 1,000, not more than 10 per cent, 
of these lived to grow up. The causes of this excessive mortality among 
the children put out to nurse were shown to be chiefly hand-nursing, among 
other forms of neglect, resulting from the poverty, ignorance and indiffer- 
ence of the mothers. 

Poverty tells severely upoTi infants, notwithstanding the limited num- 
ber of their requirements, which comprise only suitable food, clothing, 
pure air, and cleanliness. Often, in consequence of inability to gain a 
subsistence, due to lack of thrift and intelligence, .or to physical disability, 
or to lack of work; often, too, in consequence of habits of intemperance, 
causing wages to be spent in drink, the father cannot earn enough to 
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maintain his family. Then the mother herself has to labor; and the exi- 
gencies of her work take her away from the care of her child, and prevent 
lier more or less completely from nursing- it. Attempts are then made to re- 
})lace or supplement the lack of breast-milk by cheap and convenient modes 
of artificial feeding-, with such disastrous results as have been described. 

Intemperance on the part of parents enhances the poverty of the 
household by the waste of resources which it entails, as Avell as by the 
physical disability and ill-health which it causes ; and so impairs the 
vitality of the entii-e family, from the tippling parents down to the babe 
at the bottle. Overcrowding in ill-constructed tenement-houses is largely 
due to " the diversion of income from rent to supply whiskey." ' 

T(/)i(>r(ince, and its attendants, heedlessness and criminal neglect, play 
an important part in the causation of fatal diarrhoea in infancy, inasmuch 
as they tend to bring into operation the agencies which occasion the dis- 
ease. The lack of moral sense Avhich often accompanies ignorance is the 
cause of much stupid, wilful, and even criminal neglect of the most obvi- 
ous duties involved in the care of infants. When the parents ignore the 
simplest and most natural laws of hygiene and infant diet; when they 
view with heedless indifference the most alarming symptoms, and delay to 
seek medical assistance, then the infant's chances of life are small. 

Ignorance, as statistically expressed in the form of ilUteraoj, is a con- 
dition which in many sections of this country prevails in its most marked 
degrees almost exclusively among our foreign inhabitants. We therefore 
find that ignorance and foreign nationality go hand in hand as causes of 
infantile diarrhoeal disease. In proof of the connection existing between 
these factors, we append the following table," which exhibits facts derived 
from the national census of 1870, and relating to nine States, These are 
arranged in the order of their increasing mortality by diarrhoeal diseases, 
while collateral colunnis show the proportions of foreign inhabitants and 
of illiteracy existing iii the population of each State: 





Cholera Infantum. 


Diarrhcua 


1 

Diseases. 


Nationality. 


Illiteracy. 


States. 


Death- 
rate 
per 1,000 
living. 


Percent- 

ase to 
deaths l)y 
all causes. 


Death- 
rate 
per 1.000 
living. 


Percent- 
age to 
deaths by 
all causes. 


1 

Foreigners 
per 100. 


Irish per 
100. 


Unable to 
read, 

aged 10 
yeans and 

upward, 
per 1,000. 




0.29 


2.31 


0.72 


6.79 


7.7 


2.5 


21.5 




0.32 


2.92 


0.92 


8.47 


14.2 


4.2 


45.9 


New Hampshire 


0.44 


3.23 


1.00 


7.35 


9.3 


3.8 


23.9 




0.71 


5.57 


1.19 


9.39 


20.7 


13.1 


36.6 


Pennsylvauia 


0.70 
0.82 


5.09 
5.17 


1.51 
1.88 


10.09 
11.88 


12.6 
25.7 


6.7 
12.0 


37.4 
37.3 




0.80 


7.39 


1.47 


12.60 


20.8 


9.5 


40.8 




0.91 


7.18 


1.44 


11.41 


25.4 


14.5 


70.4 




1.16 


G.51 


1.93 


10.81 


1 24.2 


14.8 


51.4 



I See an address on the Sanitary Condition of Glasgow, by Dr. J. B. Russell : Medi- 
cal Times and Gazette, Aug. 19, 1876. 

" From a report on the Sauitary Condition of Boston, 1875, p. 151. 
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We see by these figures that of the nine States compared, Massachu- 
setts, with the highest death-rates by cholera infantum and by diarrhoeal 
diseases, has also the largest proportion of Irish population, and, except 
Rhode Island, the largest proportion of illiterate inhabitants. Maine, on 
the other hand, heads the list in all these particulars. It is impossible to 
escape the inference that these forms of mortality are largely associated 
with the prevalence of educational shortcomings for which our people 
cannot be held responsible. So long as a large proportion of our inhabi- 
tants consists of ignorant foreigners, so long will the consequences of such 
ignorance as characterizes them be apjjarent in our yearly records of 
mortality. 

Previention. — We have seen that of all the deaths that occur in early 
childhood, by far the greater part are due to infantile diarrhoea, and we 
have also seen that this form of disease is dependent for its production 
upon a conjunction of causes, of which several are manifestly of a remov- 
able character. The prevention of undue infant mortality must therefore 
consist largely in the prevention of the diarrhoeal diseases of infancy, and 
the means by which this result can be accomplished must consist in the re- 
moval or diminution of such causes of infantile diarrhcea as can be brought 
under sanitary control. 

The causes concerned are comprised in the following combination of 
conditions: improper food administered to city-bred infants in over- 
crowded and uncleanly localities during the prevalence of extreme sum- 
mer-heat. Taking up successively each of the foregoing causal conditions, 
we shall find them to be controllable in various degrees by means of sani- 
tary agencies. 

The excessive Jieat, which plays so important a part, must, of course, 
be regarded as an unremovable and almost unavoidable cause of infantile 
diarrhoea. In a small proportion of cases it may be possible for infants, 
when attacked, to be withdrawn from exposure to the higher degrees and 
worst forms of summer-heat, by removal from their city homes to neighbor- 
ing localities, where fresher and purer air may be obtainable. A timely 
move to the sea-shore, or to some breezy rural suburb, sometimes suffices, 
as is well known in our great cities, to restore a dangerously sick child to 
health. Even without recourse being had to this means, which must often 
be beyond reach, some relief from the pernicious influence of excessive 
heat may be found in a variety of measures pertaining to private hygiene, 
by which the temperature of the infant and of the dwelling may, to a cer- 
tain extent, be reduced. These means are of a simple nature, and the 
only obstacles which stand in the way of their adoption proceed from the 
ignorance and carelessness of the parents or guardians of the sick ones. 

Overcrowding of the poor inhabitants of cities, the evil effects of 
which are felt more severely in infancy than at any other age, can be 
kept in check, to a certain extent, by municipal enactments relating to the 
survey and inspection of buildings and to the public health. Building 
laws should be so framed as to regulate the laying out of streets, courts, 
and alleys with a sufficient provision of air-spaces, play-grounds, and 
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parks. Boards of health should have powers to remove the inmates of 
improperly constructed, ill-drained, or overcrowded tenement-houses. In 
addition to the enforcement of existing sanitary laws by public authority, 
much g-ood can be accomplished in this direction by philanthropic associa- 
tions having for their object to improve the homes of the poor. 

Filth is, as we have seen, the agency to which severe diarrhceal disease 
is chiefly due. Whether the inhaled air or the swallowed food be con- 
sidered as the chief or only vehicle of the filth-infection which occasions 
fatal infantile diarrhtea, in either case, the fault lies in impurity of the 
air resulting from filthy surroundings. The means by which the filthiness 
of great cities may be kept in check are well known, and need not be re- 
hearsed here. They relate chiefly to the removal of sewage and of refuse- 
waters and matters of all kinds from streets and houses and from the 
underlying soil. 

Unsuitable food is the agency through the intermediate instrumentality 
of which heat and filthiness exert their noxious influence upon young 
children. We have seen that breast-nursed infants are very much less 
liable to contract the most severe forms of diarrhceal disease than those 
which are hand-nursed, if, indeed, they do not, as Meissner asserts, enjoy 
complete immunity. Are we, then, to infer that the only safety for 
young infants lies in breast-nursing ? Such a conclusion, if apj)lied to all 
conditions of infant life, would not appear to be justilied by the facts of 
common experience. 

Artificial feeding, properhj carried out, undoubtedly gives quite satis- 
factory results in a large proportion of cases. In the country, where the 
conditions are very much more favorable than in the city, infants of all 
classes are successfully brought up by hand, and the rates of mortality are 
rarely inordinately high. In cities, among the well-to-do and enlightened, 
similar results are frequently observed. Even in such cases, however, it 
may be questioned whether the fact of survival is demonstrative of the 
complete success of hand-feeding. There is good reason to believe that 
an agency which so often proves fatal must almost always occasion some 
impairment of health in those who do not succumb. Be this as it may, 
however, the fact remains that it is perfectly possible to bring up infants 
by hand without breast-milk, provided that the necessary conditions are 
fulfilled. These are sulliciently well known, and have been fully set forth 
elsewhere. 

In cities, however, among the poor, in the classes and districts where 
infant mortality exists on a large scale as a yearly phenomenon, matters 
are very different. The exigencies of successful hand-feeding are such 
that failure is almost inevitable when poverty, ignorance, carelessness, 
and, perhaps, criminal neglect are brought into conjunction with the addi- 
tional and probably insurmountable difficulties of filthy surroundings, due 
to overcrowding and to defective ventilation, drainage, and sewerage. Un- 
der such conditions bottle-fed infants rarely survive the summer months. 

The chief means of prevention, then, must consist in measures de- 
signed to encourage and facilitate maternal lactation, or wet-nursing, 



298 



INFANT MOKTALITY. 



among' tlie poor in cities. Inasmuch, however, as cases are constantly 
occurring in which breast-nursing is impossible, and in which recourse 
must, of necessity, be had to hand-nursing, parents and guardians should 
be made to learn the most approved methods of artificial feeding, and be 
put in a position to carry them out. 13y what agencies, if any, these re- 
quirements may be fulfilled, we will presently try to show. 

Poverty and ignormice are the last of the causes with which we have 
to deal. However discouraging the fact may be to the sanitarian, these 
defects constitute the underlying conditions of the anti-hygienic agen- 
cies to which the prevalence of fatal infantile diarrhoea is due. To rear 
an infant, whether at the breast or by hand, a certain amount of \n- 
telligent care, and of self denial on the part of the parents, is needful. 
The easiest, and by far the safest, plan is for the mother to nurse her 
child. To do this, however, she must be able to forego labor in order to 
devote herself to its wants. The father, then, must contrive, by dint of 
industry, frugality, and thrift, to support the family. But when the 
father is disabled or out of work, idle, thriftless, or intemperate, or when, 
as in the case of illegitimate children, there is no father who can be relied 
upon, then the means of existence fail and the infant is the first to suffer. 

Too often, then, the mother, even if she have breast-milk enough, 
gives up nursing her child, thinking erroneously that it will be easier and 
cheaper to rear it by hand. She is, however, too poor to obtain a suita- 
ble supply of pure, fresh milk, too ignorant to know what food the infant 
needs, and how to prepare and administer it. The infant gradually pines 
away; if it survive until the midsunnner it then speedily receives the 
corip de (jrdac. 

The means by which parents may be taught, helped, or, if necessary, 
coerced, to do their duty by their offspring cannot be said to come within 
the province of legislation, even in communities where the public authori- 
ties have the greatest power to scrutinize and regulate the private life of 
citizens within their homes. But if infants, when under the care of their 
parents, are beyond the reach of legislative interference, it is otherwise 
with those who are being nursed for hire away from home. 

The business of nursing is liable to a variety of abuses, which are ex- 
tremely fatal to infant life. Nowhere have these abuses been so exten- 
sively prevalent, so startling in their results, and so carefully investi- 
gated, as in France.' In that country it is very common for mothers of 
the better classes, especially in cities, to renounce nursing their children, 
the custom being either to entrust the infants to hired wet-nurses, or else 
to send them away from home to the country to be reared by hand. In 
the former case the nursling is generally properly cared for; but the child 
of the wet nurse, being confided to some stranger to be reared by hand 



' See C. Devilliers : Nouveau Dictionnaire de Medecine et de Chirurgie Pratiques, 
Vol. XXIV. Article Nourrices. 

Brochard : De la mortalito des nourrissons en France, etc., Paris, 1866. 
Monot : De la mortalite excessive des enfants, Paris, 1873. 
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at the least possible expense, has but slender chances of life. Among city- 
born infants who are sent away to the country to be dry-nursed, terrible 
rates of mortality are known to prevail. Many attempts have been made 
by the various governments to repress the abuses to which the business of 
nursing and of baby-farming was liable, the latest enactment being the so- 
called loi lioussel for the protection of infants, adopted by the National 
i\.ssembly in 1874:. 

The disclosures relating to baby-farming and its abvises which came out 
some years ago in England, led to the passage of an Act for the Protec- 
tion of Infant Ltfe^ wliich came into operation in 187^^. The chief object 
of this act was to provide for the registration and supervision of nurses 
who receive infants in their homes. A similar act was j^assed in 187G by 
the legislature of Massachusetts.' 

If legislation is powerless, as we have seen, to exert any direct action 
for the protection of infants against the ignorance, carelessness, and pov- 
erty of their parents, a large field remains for the intervention of private 
charity and of philanthropic associations. 

As an example of what can be done by private charity, we will cite 
the results obtained in Mulhouse by Mr. Dollfus. He owned a large cotton 
mill, in which many female operatives were employed. Among these births 
were frequent, and the infants used to die in great numbers for lack of 
nursing and proper care. In order to check the undue mortality so caused, 
the proprietor of the mill caused a fund to be established, to which all the 
married women subscribed, and to which he himself contributed. Each 
woman who subscribed was entitled to support from the fund during a 
period of two months after her confinement. Later, when she had resumed 
work at the mill, she was allowed leave of absence in the middle of the 
day, in order to go home and attend to her child. By this means the 
mortality was reduced to less than half the rate that had formerly pre- 
vailed. 

PhiUuithrojiic associations for the protection of infant life have been 



' AN ACT FOR THE BETTER rROTECTION OF INFANTS. 

Be it enacted, etc. , as folloirs : 

Section 1. Whoever eugages iu the busiuess of taking nursing infants or infants 
under three years of age to board, or of entertaining or boarding more than two such 
infants in the same house at the same time, shall within two days after the reception 
of each such infant beyond the first two, give written notice to the board of health 
of the city or town where such infant is so to be entertained or boarded, specifying 
the name and age of the child, and the name and place of residence of the party so 
undertaking its care ; and such board of health shall have the right to enter and in- 
spect said house and premises while said business is being carried on. and to direct and 
enforce such sanitary measures, respecting such children and premises as it may deem 
proper. 

Sec. 2. Any person violating any of the provisions of this act, or refusing ad- 
mission to such board of health, for the purpose mentioned in the preceding section, 
shall, on conviction thereof, be punished by a fine of not less than fifty, nor more than 
five hundred dollars. 

[Approved Ajn-il 21, 187G.J 
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established in many places. The first was organized in Paris, in 1805, with 
the object of diminishing the enormous mortality growing out of the 
common custom of putting city-born infants to nurse in the country. The 
example set by Paris was followed in Lyons in 18GG, in Havre in 18G9, in 
Tours and in Pontoise in 1870, in Marseilles and in Rouen in 1873. In 
England an Infant Life Protection Society was established in 1870, hav- 
ing for its object to procure legislation for the registration and supervision 
of nurses who receive children in tiieir homes, and it was largely to the 
exertions of this society that the passage of the Act for the Protection of 
Infant Life, alluded to above, was due. 

The chief object of the enactments and associations lor the protec- 
tion of infant life, to which allusion has just been made, has been to pre- 
vent the grave abuses resulting from the employment of wet-nurses and 
from the business of baby-farming. Much good can also be accomplished in 
the homes of the poor, in cities, by charitable organizations having spe- 
cially in view the prevention of infant mortality. The principal aim of 
such societies should be to encourage and facilitate maternal lactation in 
all classes of society, and to disseminate among the ignorant a knowledge 
of the rules which should govern the bringing-up of infants. It should 
also enter into their programme to assist destitute mothers whose means 
do not allow them to give proper care to their children, and who might be 
enabled by a little timely assistance either to nurse their offspring, or to 
procure a sufficient provision of pure fresh milk, the latter being perhaps 
supplied by the society or obtained through the intermediary of " Diet 
Kitchens." 

Among other means of sanitation which would come within the prov- 
ince of charitable associations for the protection of infant life may be men- 
tioned the establishment of diet kitchens,oi infant day asylums or nurseries, 
and of seaside or country hotnes. Such institutions render invaluable ser- 
vices by enabling very poor and ignorant parents to obtain, at low cost or 
gratuitously, proper articles of food, and a suitable supply of cow's milk, 
pure and unadulterated; by providing temporary homes for infants who 
would otherwise be neglected during the working hours of their mothers; 
and by affording, at the time of greatest danger, a refuge from the poison- 
ous atmosphere of the city home. 

Conclusion. 

From all that precedes, the reader will have recognized that infant 
mortality in its most striking forms, as it exists among the poor inhabi- 
tants of large cities, is very largely due to the prevalence of gross infrac- 
tions against the simplest and most generally recognized laws of infantile 
hygiene. Such being its origin, and the causes concerned in its produc- 
tion being, for the most part, theoretically removable, it seems as if it 
ought to be possible to effect a great reduction in the rates of mortality 
among infants in cities. 

We are, however, constrained to admit that the chief agencies at 
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work to bring about the excessive mortality of infants are the ignorance 
and poverty which prevail, so extensively among certain classes of all 
urban populations. These agencies, although not amenable to sanitary 
measures, properly so called, are not altogether unremovable. Improve- 
ment may certainly be looked for from educational influences tending to 
better the mental and moral condition of the ignorant poor classes, and in- 
culcating in parents a proper sense of their duties toward their offspi'ing. 
But the changes to be thus effected can only take place slowly and grad- 
ually, and immediate results must not be expected. 

The conclusions to which we are led, with regard to the prevention of 
undue infant mortality in cities, are that, after the beneficial results to be 
expected from strict attention to all the details of sanitary administration 
upon which the healthiness of a city depends, reliance must be placed 
chiefly upon the philanthropic exertions of charitable associations, organ- 
ized for the express purpose of assisting parents to understand and carry 
out the approved rules of infantile hygiene. 
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VITAL STATISTICS. 

"Nature," says Professor Jevons,' "though it probably never fails to 
obey the same fixed laws, yet presents to us an apparently unlimited 
series of varied combinations of events. It is the work of science to ob- 
serve and record the kinds and comparative numbers of such combinations 
of phenomena, occurring spontaneously or produced by our interference. 
Patient and skilful examination of the records may then disclose the laws 
imposed on matter at its creation, and enable us, more or less successfully, 
to predict, or even to regulate, the future occurrence of any particular 
combination." Such is the method of inquiry to be pursued in investiga- 
ting the laws of health and disease. The phenomena thus to be observed 
and recorded are the chief events of human life — births, marriages, deaths 
— and the various diseases, together with all the circumstances which affect 
human vitality. Records of such phenomena constitute vital statistics. 

A full and accurate knowledge of the people is, in every community, 
an indispensable requisite for the successful administration of public 
affairs. Such knowledge is obtained by the public authorities from two 
distinct sources. In the first place, the enumeration of the people, by 
which the population, the numbers, the ages, the abodes, the professions, 
etc., of the individuals composing it are ascertained, is effected by the 
taking of a census. In the second place, the " movement of the popula- 
tion," under which term are comprehended the births, deaths, and mar- 
riages occurring yearly, is determined by means of registration. From 
these two sources — namely, from the census and from registration — are 
derived the statistical data, which, when collected, classified, and dis- 
cussed, yield the statistical results. It is chiefly in the form of results 
that vital statistics interest the hygienist. Before entering, however, on 
this, the more important branch of our subject, we must first consider 
briefly, with reference to their nature and origin, the data which enter 
into the composition of vital statistics. The enumeration of the popula- 
tion will first engagfe our attention. 

The Census. 

The number of individuals composing the population of a country is 
ascertained by means of an enumeration called a census, which is effected 
periodically by the government. Tlie information so acquired is of the 
highest value in many ways, and is the basis of all statistical inquiries. 
The taking of a census is, however, an undertaking of considerable mag- 

' The Principles of Science, W. S. Jevons. 2d edit., London, 1877, p. 173. 
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nitude, involving much labor and expense.' It is, therefore, accomplished 
at intervals of several years. In England and in the United States the 
census is taken once in every ten years; and this degree of frequency 
v^as recommended, as a minimum, by the International Statistical Con- 
gress, held at St. Petersburg in 1872. 

It is highly important, for the sake of accurate returns, that the enu- 
meration of all the people, constituting a census, should be effected 
rapidly and simultaneously. In the last census of England and Wales 
the operation was actually accomplished within twenty-four hours, on the 
3d of April, 1871. For this purpose the entire country was carefully 
subdivided into districts, each of which was made small enough to be 
canvassed in one day by one of the enumerators, of which there were in 
all 33,543. The operation was hastened by the use of "prior scliedules" 
left at the residence in advance of the enumerator, to be filled up by the 
head of the family. 

In the United States the period allowed for the completion of the last 
i-ensus (1870) was over three months. A de facto enumeration was there- 
lore impossible; and many inaccuracies were rendered inevitable. Prior 
schedules were not used, though adopted in nearly all other countries. 
" The experience of the recent enumeration," says the superintendent of 
the census in his report, " has given fresh illustration of the importance of 
usuig this agency in the interest of economy, not to speak of the ad- 
vantage of securing by means of it a more accurate statement in respect 
to every matter into which the census inquires." The superintendent of 
the census lays much stress upon " the essential viciousness of a pro- 
tracted enumeration," and says that " it is not worthy of a great nation 
that its census should be so tardily and so loosely taken, as is inevitable 
in the United States vmder existing provisions of law." 

The taking of a census does not consist only in a simple enumeration 
of the ])opulation. The usual subjects of inquiry are exceedingly nu- 
merous, relating to very many circumstances, a knowledge of which 
seems likely to tlirow light on the condition of the people considered 
froni many different points of view. None of those topics are matters 
of absolute indifference to the hygienist, who can indeed trul}^ say: IIu- 
')}ta'>ii nihil (I me alienuin jxito. There are certain subjects, however, in 
relation to which information is absolutely indispensable for the construc- 
tion of vital statistics. Chief among them are the following items : 
(a.) The numbers of living individuals of both sexes, and of each sex. 
{b.) The ages of the individuals, (c.) The residence, (d.) The birth- 
place. A few remarks on some of these points may be of service. 



' The last census of England and Wales was taken in 1871. The population was 
enumerated in one day (April 3d) by 32,543 enumerators, employed under 2,195 regis- 
trars and 62G superintendent registrars. The entire undertaking was under the direc- 
tion of the registrar-general, assisted by Dr. Farr and Mr. J. F. Hammick. The 
householders' schedules numbered in all 0,500,000, and weighed about 41 tons. The 
enumeration books and forms sent out weighed about 54 tons. 

The expenses of the la.st United States cen.sus (1870) amounted to $3,300,884. 
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With regard to tlie ages, various subdivisions are in use, longer or 
shorter intervals of time being adopted. There can be no doubt that 
the shorter the space of time allotted to each group the better. There- 
fore the division by single years is to be preferred. For infants, however, 
this measure of lifetime is too large, and the ages should, if possible, be 
stated in months up to the age of one.' Inaccuracies of statement with 
regard to the ages of adults, at and after middle life, are everywhere ex- 
ceedingly common, as is made evident by the concentration upon round 
numbers and quinquennial periods, the causes being carelessness, igno- 
rance, or a reluctance to confess the true age. 

The birthplace is, in the United States, a very important item of infor- 
mation, on account of the great diversity of nationalities entering into 
the composition of our population. Data collected under this head, when 
utilized in connection with the registration returns, yield very interesting 
statistical results, as will be shown later. 

The chief requisites of a census ' are, in brief, as follows : The census 
should be nominal, and should enumerate the de facto population.'' The 
census should be decennial, being taken preferably in years whose num- 
ber ends in zero (18G0, 1870, 1880). The enumeration should be accom- 
plished in a single day, or should, at least, be referred to a specified day 
and hour. The subjects of inquiry should comprise,- as a minimum, the 
following items : a, names ; h, sex ; c, age (by years ; infants under one 
by months) ; d, relation to head of household (wife, son, nephew, etc. ; 
servant, apprentice, lodger, etc.); e, married or single; f, calling; g, re- 
ligion ; language ; /, illiteracy ; j, birth-place and nationality; Jc, resi- 
dence ; /, infirmities (blindness, deaf-mutism, idiocy, insanity, cretinism). 

Itegistration. 

The movement of tJie 2^02yidation, hy which is meant the yearly births, 
deaths, and marriages, is ascertained by means of registration. Records 
of these events, as accurate and complete in all particulars as possible, are 
collected, arranged, classified, and finally published, in the form of regis- 
tration reports. While the census takes, as it were, an inventory of the 
population at stated intervals, registration keeps an account of the yearly 
gains and losses due to births, deaths, and migration, by which the popu' 
lation increases or decreases in the intervals of the census. 

Registration fulfils many useful purposes. It serves, in the first place, 
to facilitate the identification of individuals for the transmission of prop- 
erty, and for the protection of life against crime. It affords data for the 
determination of life contingencies, which form the basis of life insurance. 

' See the Census of the State of Massachusetts of 1875. 

^ Summarized from conclusions adopted by the Statistical Congress of St. Peters- 
burg in 1872. See M. Block : Traite de statistique, Paris, 1878, p. 344. 

^ In a de facto population all the individuals present in a locality at the time of 
the count are attributed to that locality, whether they be residents or not. In a de 
jtire population, individuals are attributed to the locality in which they have their 
residence. 
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Lastly, it furnishes to medical and sanitary science information of the 
highest value concerning the state of the public health. It is from this 
point of view that registration interests the hygienist. By means of re- 
gistration, efficiently conducted, the sanitary authorities of any locality are 
promptly informed of the prevalence of preventable diseases, and are thus 
enabled to take the necessary measures for the protection of the public 
health with the least possible delay. Moreover, registration reports, taken 
in connection with the census, yield statistical results which throw light 
upon the causal conditions under which prevailing diseases occur, and 
thereby become the source of invaluable contributions to the science of 
preventive medicine. 

In no country has registration been so fully developed and so carefully 
organized as in England. There is a registrar-general for England and 
Wales, who has his offices in London, at Somerset House; there is one for 
Scotland, in Edinburgh ; and one for Ireland, in Dublin, These three 
offices have the entire charge of the vital statistics of the United King- 
dom, not only the management of registration, but also the taking of the 
decennial census being entrusted to them. 

The office of registrar-general of England was created in 183G. The 
first act of Parliament for the registration of births, deaths, and marriages 
was passed in 1837, and civil registration began on July 1st of that year. 
The first of the series of yearly reports of the registrar-general was pub- 
lished in 1839, having been prepared by Dr. William Farr, who has con- 
tinued from that time until now to direct the statistical department of the 
registrar-general's office. The registration law was improved from time 
to time by successive amendments, and in 1874 a new law was enacted, 
whereby the registration of births and deaths was rendered compulsory, 
penalties for non-compliance being prescribed. 

In the previous thirty-nine and a half years, when registration was 
not compulsory, the registration of births had been defective, the propor- 
tion of unregistered births being estimated at about 5 per cent.' Few 
deaths, on the other hand, were believed to escape registration, but in a 
considerable proportion of cases the medical certificate of the cause of 
death was unsatisfactory or altogether wanting. The efficacy of the new 
law was apparent in the returns for 1876. The birth-rate for that year 
was the highest ever recorded, being 3G.G per 1,000, or 1.2 per 1,000 
higher than the average for the ten years preceding. The number of 
" uncertified deaths " had greatly diminished under the new statute. 

There are in England and Wales nearly three thousand registrars and 
superintendent registrars, Avhose duty it is to collect and forward to the 
registrar-general at Somerset House all the certificates returned to them 
throughout the country.* All the vast amount of raw material so ceutral- 

' Thirty-ninth Report of the Registrar-General. 

' The number of events registered in 1876 was 1,802,031. As many names of per- 
sons, whose births, deaths, and marriages were registered, were added to the printed 
alphabetical indexes preserved at the registrar's office, bringing up the total number of 
names indexed in thirty-nine and a half years to 55,880,341). See Thirty-ninth Report. 
Vol. II.— 20 
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ized is sorted, classified, and variously elaborated in the statistical depart- 
ment of the office. The results of this great labor are made public in the 
form of weekly, quarterly, yearly, and decennial reports. Every Tuesday 
a printed painj^hlet is prepared and sent over the kingdom, giving the 
deaths and their causes, together with the conclusions and warnings to be 
drawn from them, for the week ending on the previous Saturday, and 
collected from twenty-three towns, containing over eight millions of in- 
habitants. The yearly reports of the registrar-general, and, above all, 
the admirable decennial supplements drawn up by Dr. Farr, in which are 
set forth, condensed, and discussed the vital statistics of the whole 
country, covering a period of ten years, are wonderful monuments of 
science, skill, and labor. It is no exaggeration to say that these impor- 
tant publications — in which so much widely diffused learning and so much 
industry are embodied under the leadership pf one master-mind — deserve 
to be ranked among the most striking and characteristic products of the 
age in which we live. As another phase of civilization found its expression 
in the Elgin Marbles, and another yet in the great church of Saint Peter's 
at Rome, so do these unprecedented collections of vital statistics present 
a typical illustration of the enlightened state of civilization which has 
been attained in England. 

In the United States registration has been, and is still, very imper- 
fectly organized and carried out. By the Federal Government, in the 
first place, very little attention is paid to vital statistics. The census, 
being a political necessity, for the apportionment of representation, is 
provided for by the Constitution, and is taken every ten years, on a uni- 
form plan, throughout the country. In addition to the enumeration of 
the population, attempts are made to collect other statistical data. The 
results, hoAvever, have been exceedingly unsatisfactory. Thus, with re- 
gard to the statistics of mortality, it is stated in the report of the last 
census (1870) that " at no one of the three censuses taken under the Act 
of May 23, 1850, has the aggregate number of deaths returned by the 
assistant marshals risen above two-thirds of the deaths probably occurring 
during the year of enumeration," It is therefore impossible to construct 
a correct life-table for the population of the United States, or even to de- 
termine the death-rate of the country.* 



' In the Fifth Report of the Registrar-General, in 1843, it was stated (page 19) 
that no correct life-table could be formed for the population of America until they 
adopt, in addition to the census, the system of registration which exists in European 
States. 

In the Report of the Ninth United States Census (Vital Statistics, page xv), the 
following remarks are made : " The great deficiency manifest in the returns of deaths, 
a deficiency inherent in any system which seeks to secure complete returns of these 
■events for an entire year by simply conducting an inquiry at its close, will, for the 
future, it is earnestly hoped, be remedied by legislation, establishing a national system 
for the registry of deaths and of births as they occur. By no sunpler or less radical 
process is it possible for the statistics of the movement of population of the United 
States to be placed on a par, as to efficiency and completeness, with that of England, 
I'rance, Belgium, Prussia, Sweden, Norway, and certain other of the progressive 
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In the several States of tlio Union tlie amount of attention devoted 
to registration has varied ; but, for the most part, it has been very inade- 
quate. In 1876, according to Dr. Bowditch's investigations, only nine 
States could be said to have an}' registration at all (Connecticut, Georgia, 
^Massachusetts, Michigan, New York, Ohio, Rhode Island, Vermont, Wis- 
consin), and in only two (Massachusetts and Rhode Island) was registra- 
tion asserted to have been carried out with any approach to accuracy. 
Even in these two States it had been, according to Dr. Bowditch, of 
doubtful value, and he expressed his Vjelief that no State in the Union, 
nor the United States as a nation, had at that time (1870) any projoer 
system for the registration of vital statistics.' 

In many cities of the United States registration has been long estab- 
lished, and in a few of them the results obtained have been of considera- 
ble value. The registration reports of New York city, Philadelphia, 
Washington, Boston, and Providence are among the best documents of 
the kind published in this country. All, however, judged from the high 
standard of Eiiglish registration, are more or less defective in many im- 
portant particiilars. 

It is evident from what precedes that registration is very unequally 
and inadequatel}' provided for in the United States, being wholly neg- 
lected in most of the States and imperfectly organized and executed in 
the others. No vmiform comprehensive scheme of national registration 
exists, such as has been adopted in England and in most of the otlier 
countries of Europe. 

We will now consider, as briefly as possible, the chief requisites of a 
proper system of registration of vital statistics, laying stress principally 
upon those details which most particularly interest the hygienist. By far 
the most important branch of registration, from the standpoint of preven- 
tive medicine, being that which relates to deaths and their causes, we shall 
<lvvell at greater length on this subject. On the registration of births we 
shall have but little to say, and on that of marriages still less. 

Registration, to be of value, must be conducted according to certain 
general principles which apply to all statistics. The data collected must 
he uniform and accurate as regards quality, and they must be complete as 
regards quantity. 

Uniformity of data is indispensable. Without it the comparison of 
the statistical results, among themselves and with other collections of sim- 
ilar facts, which is one of the most instructive uses of vital statistics, be- 

States of Europe. Legislation by the several States of the Union is necessarily inade- 
<juate to the accomplishment of this object. 

Elsewhere, in the same report (page 9), regret is expressed " that the census should 
not afford the data for determining with absolute precision and certainty the death- 
rate of the country, whether in the aggregrate or by clas.ses of the population. This 
can never be done, it is added, without a national scheme of registration, stringently 
enforced by penalties." 

' See Dr. H. I. Bowditch's essay on Public Health in America, Boston, 1877, pp. 
C6, 112, llfi, 120, 172. See also Eighth Report of the State Board of Health of Massa- 
chusetts : Essay on Registration, by Dr. C. F. Folsom, Secretary of the Board. 
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comes difficult or impossible, and is liable to be the source of erroneous 
conclusions. Hence the need of a uniform plan of reg-istration, to be 
applied throughout the country whose " movement of population " it is pro- 
posed to observe. England, France, Germany, and many other countries 
have such national systems of registration. The United States, as we 
have seen, has none. 

Accuracy of data is obviously one of the most important requisites 
of successful registration. The value of any statistics, and the trustwor- 
thiness of the conclusions drawn from them, must depend upon the value 
of the individual facts which enter into their composition. To ensure the 
utmost accuracy it is necessary to guard against ignorance and careless- 
ness by a careful selection of the j^ersons to be entrusted with the prepara- 
tion and collection of the returns. We shall have occasion later, when 
speaking of the medical certificate of the "cause of death," to say more 
upon this subject. 

Completeness of data is attainable in only one way, namely, by mak- 
ing registration compulsory, with penalties for non-compliance with the 
law. In no other way is it possible to overcome the difficulties growing 
out of the indifference, the carelessness, the laziness, the selfishness, or 
the ignorance of the individuals concerned. The experiment of compul- 
sory registration has been largely tried in many countries, and the results 
have been exceedingly satisfactory. 

Registration of births. — Complete records of all the births occurring 
in any community are very important, not only for the sake of the pro- 
tection to life resulting therefrom, but on account of the value to sanitary 
science of the statistical information so obtained. A law such as has been 
in force in England since January 1, 1875, compelling parents, under a 
penalty, to record births within a limited period of time, affords the only 
means of obtaining complete returns. 

The chief data to be determined are as follows : (a) the sex; {h) the 
date of birth ; (c) the place of birth ; (c?) the number of births (twins, 
triplets); (e) legitimacy; (/*) the nationality of the parents. It has been 
proposed also to determine the ages of the parents at the births of their 
children.' 

Still-births should not be registered among the births nor among the 
deaths, but should be recorded by theinselves in a separate and distinct 
category. Careful sujoervision on the part of the registrar is necessary to 
make it impossible for live-born children to be buried as still-born. 

Registration of deaths. — This branch of registration has for its object 
the collection and preservation of complete and accurate records relating 
to deaths, to the nature of fatal diseases, and to the conditions under 
which the latter occur. The knowledge so obtained is of value to preven- 
tive medicine in more ways than one. In the first place, by pointing out 
the localities in which preventable diseases are actually occurring or prev- 
alent, it serves to direct the operations of sanitary authorities. In the 



' Thirty-seventh Report of the Registrar-General of England, p. 6. 



VITAL STATISTICS. 



809 



second place, it furnishes collections of facts which, when brought to- 
gether, compared, and discussed, in the form of vital statistics, throw 
light upon the causal conditions underlying the origin of diseases, and 
thus become the source of valuable contributions to the science of pre- 
ventive medicine. 

These purposes can be successfully fulfilled only under certain condi- 
tions. To be useful, on the one hand, as guides for sanitary measures, the 
registration returns must not only be complete and accurate, but they 
must reach the sanitary authorities whom they are destined to enlighten, 
with the least possible delay. Prompt information is no less necessary than 
prompt action in such matters. To serve, on the other hand, as sources of 
scientific knowledge concerning the causation and the prevention of dis- 
eases, it is indispensable that the yearly collections of facts obtained by 
means of a suitably organized system of registration should be submitted 
to the consideration of a trained statistician and hygienist, by whom they 
should be prepared for publication in the form of registration reports. For 
such a task, it seems needless to say that only members of the medical 
profession are qualified. It is therefore expedient that the registration of 
deaths should invariably be brought into close relations with the sanitary 
department, if not placed under its immediate direction. Moreover, the 
task of converting the collected facts into vital statistics, and of discussing 
their significance, should be entrusted only to suitably trained physicians. 

The facts relating to decedents which it is most desirable to record by 
means of registration are as follows: The date of the death, the name of 
the deceased, the sex, the color, the condition (single, married, or 
widowed), the age, the residence, the occupation, the place of birth, the 
places of birth of the parents, the fatal disease or cause of death, the place 
of burial, and the date of the record. 

The age should be stated in years, except in the case of infants, whose 
lives are often so short that this measure of time is much too large. The 
ages of infants dying during the first week should be given in days; for 
the first two years of life, the age should be given in months. 

The hirthplace of decedents is an important item of information in the 
United States, where immigration has brought together so many different 
nationalities, differing as regards constitutional peculiarities, habits of 
life, and hygienic conditions. The parentage of decedents is also an in- 
teresting subject of inquiry which throws light upon the ulterior effects 
of national peculiarities transmitted by inheritance or by education to the 
native offspring of immigrants. Few data have as yet been collected 
which bear upon this point. 

The cause of death, by which is meant the disease or injury proving 
fatal, is to the hygienist, whether sanitary officer or scientist, the most 
important of all the items of information supplied by registration. This 
information can obviously have but one source. In every case of fatal 
sickness, the only person who can reasonably be looked to for a trust- 
worthy statement of the "cause of death" is, of course, the physician in 
attendance. In many places, therefore, as in England, since 1875, and in 
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Massachusetts, since 1849, the physician in attendance at the last sickness 
of any decedent is required by law to contribute to the death-certificate, 
without which burial is illegal, the statement of the nature of the fatal 
disease. This measure has for its object to ensure the greatest possible 
degree of completeness and accuracy in the returns. 

The value of the results obtained in this way depends upon several 
conditions, and is subject to considerable variations. If, in every case of 
fatal sickness, a properly qualified physician, a doctor of medicine, were 
invariably in attendance, no doubt the proportion of cases in which the 
cause of death failed to be stated with a reasonable approach to correct- 
ness would be small. In fact, however, it often happens that no 2^hysician 
is at hand to observe and record the fatal disease. A certain number of 
persons die without receiving any kind of medical attendance. More- 
over, in countries where the practice of medicine is not restricted by law,, 
unqualified persons, such as clairvoyants, botanic physicians, and quacks 
of every sort, usurp the place of the physician at the bedside of the sick. 
Such persons, however unfit for the duties assumed by them, are, never- 
theless, called upon by the law to certify the cause of death. Herein lies, 
the chief cause of the failure of registration in the United States. Several 
States, many cities have excellent registration laws. But partly be- 
cause these laws are not enforced, and chiefly because the practice of 
medicine is left open to all persons without discrimination, the returns re- 
lating to the causes of death have little value. 

To ensure a complete and tolerably trustworthy registration of the 
causes of death in any community, then, two conditions are indispensable.. 
In the first place, the pliysician in attendance at the last sickness of every 
decedent must be compelled, under penalties, to supply, to the best of his- 
knowledge, a statement of the fatal disease. In the second place, the 
practice of medicine must be restricted by law to persons who have re- 
ceived a suitable medical education. In the absence of these conditions, 
the results of registration can but be incomplete and inaccurate.' 

The only remedy for the defects of registration due to the unprevent- 
able intrusion of unqualified persons as signers of death-certificates is to- 
be found in the intervention of a careful and experienced registrar. All 
statements coming from doubtful sources being eliminated by him, returns 
which, in the aggregate, would have little value, can be so purified as to 
be of use as indications of sanitary condition. 

Even under the most favorable circumstances, there must be unavoid- 
ably a considerable degree of inaccuracy in all returns relating to the 
cause of death, owing, on the one hand, to the ignorance and carelessness 
existing to a greater or less extent everywhere among members of the 
medical profession, and owing, on the other hand, to the existing imper- 
fections of medical knowledge when taken at its best. 

Against the shortcomings of practitioners in the matter of death-cer- 



' See Dr. C. F. Folsom's paper on Registration : Eighth Report of the Massachu- 
setts State Board of Health, 1877. 
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tificates, the only remedies are to be fouiul in educational influences, 
tending to develop in members of the medical profession an interest in 
registration, and a knowledge of its exigencies, and in the intervention of 
a skilful hygienist as registrar. The latter should make it his duty to 
scrutinize the returns, taking every measure to obtain accurate statements 
of the cause of death, and rejecting all certificates supplied by unqualified 
persons. 

The imperfections or the art and of the science of medicine, whicii 
stand in the way of accurate registration, are less easily remedied. Ob- 
scure cases must occasionally occur in Avhicli it is impossible for the prac- 
titioner, however careful and skilful he may he, to arrive at any definite 
diagnosis. Then there are affections whose nature and whose nosological 
relations are as yet undetermined, so that similar cases are liable to bo 
registered under difTerent names by equally well-informed physicians." 

The nomeiiclatare of disease^, to be used by physicians in filling death- 
certificates is a matter of considerable importance. The requisites of a 
useful nomenclature are twofold. In the first place, it should be so con- 
trived as not to do violence to generally accepted nosological views. In 
the second place, it should be adopted and used uniformly on a large 
scale. The more unanimously any given nomenclature is used, the more 
homogeneous will be the resulting statistical data, and the more suitable 
for purposes of comparison. The more widely such a system prevails, the 
more extensive will be the field of statistical investigation. These advan- 
tages are united, unquestionably, in the highest degree in the nomencla- 
ture and classification of diseases now used in the registration of England. 
This system, originally drawn up with great labor and care by a joint 
committee of the Royal College of Physicians of London, and adopted 
by the registrar-general of England, was used in the mortality statistics 
of the ninth census of the United States, and is employed in the registra- 
tion reports of many States and cities in this country." It has become, 
for the time being, the common nomenclature and classification for all 



' Such, for instance, is the case with membranous laryngitis, which is registered by 
one practitioner under the name of croup, by another under that of diphtheria. Forms 
of Bright's disease exist in which death is liable to be attributed to heart-disease or 
to cerebral hemorrhage. It has lately been asserted that " at least 70 percent.', of the 
patients who owe their deaths more or less directly to Bright's disease, die with the 
chief cause of their deaths unrecognized." (Dr. IMahomed on Chronic Bright's Disease : 
The Lancet. Feb. 23, 187!), p. 2(!2.) Fatal cases of cerebral syphilis and of alcoholism 
aro also liable to escape recognition, and to be registered under misleading designa- 
tions, so that tlie frequency of these disorders as causes of death is very much under- 
stated in registration reports. 

'' See the Nomenclature of Diseases drawn up bj' a Joint Committee appointed by 
the Roya! College of Physicians, London, 18G9. 

Nomenclature of Diseases, etc., of the United States Marine Hospital Service, 
Washington, 1874. 

Ninth Census of the United States : Vital Statistics, p. v. 

Nomenclature of Diseases, etc. : Reprint issued by the American Medical Associa- 
tion, Philadelphia, 1869. 
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English-speaking peoples. This system is, tnerefore, the one which should 
be adopted and adhered to without modification, in preference to any 
other; not, indeed, as being in itself altogether free from imperfections, 
but because it has the paramount advantage of being in more general use 
than any other. If, at some future day, changes in the accepted nomen- 
clature and classification of diseases should appear desirable, it is to be 
hoped that such changes may be effected with the common and unani- 
mous agreement of all the communities in which registration exists. 

Registration of marriages. — This branch of registration is of slight 
interest to the hygienist. The requisite data are analogous to those 
which relate to births and deaths, and are collected in a similar manner. 

Megistration of diseases. — It has often been proposed of late years, 
in the interest of sanitary government, that the prevailing diseases should 
be reported and registered, as well as births, deaths, and marriages. 
Several reasons can be brought forward in favor of such a proceeding. In 
the first place, if diseases were reported to sanitary authorities upon their 
first appearance, the advent of epidemics would be recognized more 
promptly than when the earliest tidings are conveyed by the death-certifi- 
cates. In the second place, our knowledge of the extent to which par- 
ticular diseases prevail would be more accurate than can be the case if 
deaths are the only source of information, since the fatality of each 
disease varies at different times, and is by no means always proportional 
to the frequency of its occurrence. 

A complete registration of all diseases is, for obvious reasons, out of 
the question. Such registration of disease as has been carried out in 
various places has been limited almost exclusively to certain of the 
zymotics, comprising those diseases which are more or less amenable to san- 
itary control, and in relation to which prompt information is likely to be 
useful for the protection of the public. Great difficulties have been en- 
countered in the attempts which have been made to obtain complete and 
prompt returns, owing chiefly, it must be said, to the reluctance of 
physicians to join in the undertaking. Whenever the registration of 
diseases has been simply voluntary and optional, the returns have invari- 
ably been very poor and incomplete.' Experience has shown that it is 
useless to expect satisfactory results by any means short of a law com- 
pelling certain persons, either heads of families or physicians in attend- 
ance, to report specified diseases to the sanitary authorities within a 
fixed limit of time. 

The requirements of a plan for the registration of diseases in England 
are set forth as follows by Dr. Farr: " What is wanted is a staff officer in 
every county or great city, with clerks to enable him to analyze and pub- 
lish the results of weekly returns of sickness, to be procured from every 
district; distinguishing, as the army returns do, the new cases, the re- 

' See a Report on the Registration of Prevalent Diseases, by Dr. F. W. Draper : 
Seventh Report of the Massachusetts BoarQ of Health, 1876, p. 477. See also a paper 
on Registration, by Dr. C. F. Folsom : Eighth Report of the Massachusetts Board of 
Health, 1877, p. 269. 
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coveries, the deaths, reported weekly, and the remaining in the several 
hospitals, dispensaries, and workhouses: these, compiled on a uniform 
plan, when consolidated in the metropolis, would be of national concern. 
It has been suggested that the returns of sickness should, to save time, 
be sent to London, and there analyzed on a uniform system, as the causes 
of death are. That, with the present postal arrangements, is quite prac- 
ticable. The thing to aim at ultimately, is a return of the cases of sickness 
in the civil population as complete as is now procured from the army in 
England. It will be an invaluable contribution to therapeutics as well as 
to hygiene; for it will enable the therapeutist to determine the duration 
and the fatality of all forms of disease under the several existing systems 
of treatment in the various sanitary and social conditions of the people. 
Illusions will be dispelled ; quackery, as completely as astrology, sup- 
pressed ; a science of therapeutics created; suffering diminished; life 
shielded from many dangers." 

Statistical JResults. 

We have seen what are the sources of information from which the 
collections of facts are derived, which constitute vital statistics. These 
data, supplied by the census and by registration, relate, on the one hand, 
to population; on the other hand, to certain events of human life, namely: 
births, deaths, marriages, migrations, and diseases. We will now consider 
the results obtained from such collections of facts when classified, com- 
pared, and discussed, according to the usual methods of statistical science. 

Vital statistics comprise a vast amount of facts and of information, 
expressed in the form of tabulated figures, of ratios, percentages, etc., 
and relating to a great diversity of subjects. Many of these subjects of 
inquiry are of slight interest to the hygienist; others, on the contrary, 
are to him invaluable sources of knowledge. Thus, the information re- 
lating to population, supplied by the census, and setting forth the aggre- 
gate numbers of populations, their density, their rates of increase, the 
proportionate numbers of the sexes, the age-distribution, the migrations, 
etc., though very important when considered in conjunction with certain 
other data, to be spoken of presently, does not, taken by itself, offer much 
to interest us from the standpoint of hygiene. Much more important to 
the sanitary student is that brancli of vital statistics which exhibits and 
studies the moveDtent of the popnlation. We shall, therefore, give our 
attention almost exclusively to the statistics of births and deaths, laying 
stress chiefly on the subject of mortality. 

J^irths. 

The data by which the fenuidity'^ of a people or community is esti- 
mated comprise: (1) the total number of births occurring in a year; (2) 

' Supplement to the Thirty-fifth Report of the Registrar-General, London, 1875, 
p. Ixxx. 

^ Called iu French la ruitnlite. 
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the total population living in the middle of the same year. From these 
two numbers a ratio is calculated, called the birth-rate, which expresses 
the number of births occurring yearly in every hundred, or in every 
thousand inhabitants. Inasmuch as populations differ considerably in 
age-distribution and comprise varying proportions of individuals of the 
reproductive ages,' it has been asserted that a more accurate estimate of 
fecundity could be obtained by determining the proportion of births to 
living adults, or to total marriages taking place in the population. Birth- 
rates per thousand living at all ages are, however, in common use, and are 
therefore most suitable for purposes of comparison. 

Birth-rates vary not only with the fecundity of the people, but also 
with the completeness of the statistical data from which they are calcu- 
lated. If the registration returns are incomplete, or if the aggregate 
population is overstated, the birth-rate is diminished. In England the 
perfected registration law came into operation in 1875, and the birth-rate 
of 1876 was the highest ever recorded in that country, being 36.6 per 
thousand. In many parts of the United States, on the other hand, where 
the registration of births is very incomplete, and where populations are 
not unf requently overestimated in the intervals of the census, the recorded 
birth-rates are apparently low — lower, indeed, than appears consistent with 
the existing age-distribution of our population. 

The following table shows the mean annual birth-rates of nine Euro- 
pean countries, together with the highest and lowest rates recorded in any 
one year in each country: 



States. 


Mean annual 

birth-rates, 

1853-1874. 


Highest 
annual rate. 


Lowest 
annual rate. 


Austria 


39.9 


44.2 


34.7 


Prussia 


37.8 


40.1 


33.8 


Spain 


37.2 


39.3 


34.4 


Italy 


37.1 


39.1 


34.9 




34.9 


36.2 


33.3 




34.5 


36.1 


31.7 




31.9 


35.0 


27.5 




31.6 


33.8 


29.5 




26.1 


28.0 


22.6 



Male births are everywhere more numerous than female. To every 
hundred girls there are born in England 104.2 boys ; in Scotland, 105.4 ; 



' Thus, in the United States, in 1870, the number living under five years of age \va& 
14.8 per cent, of the population, while persons aged from twenty to sixty years 
amounted to 43.9 per cent. In France, on the other hand, the living at the same ages 
under five, and from twenty to sixty, were 9.29 and 53.7 per cent, respectively. 

^ From a paper on Comparative Progress of Population, F. Martin : Journal of the 
Statistical Society, London, 1877, Vol. 40, p. 598. 
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in Ireland, 105,5; in France, 105.1; in Austria, 10G.3; in Italy, 10G.4; in 
Spain, 100.5. This predominance of males appears to be greater among- 
the first-born children. Thus, in Austria, it Avas found that among chil- 
dren of primiparae there were 110.1 boys to 100 girls, while among children 
subsequently born the boys numbered 105.3. In Norway it was found 
that the first six years of married life yielded, on an average, 116.3 boys 
to every 100 girls ; from the seventh to the twelfth year, 107 boys were 
born to 100 girls, while after the twelfth year the female births pre- 
dominated.' 

In still-births the males greatly outnumber the females, no doubt in 
consequence of the greater difficulty of child-birth due to the superior 
size of male infants. In France (1865-1875) there were 141 still-born boys 
to 100 girls; in Italy, 140; in Belgium, 135; in Sweden, 133; in Prussia^ 
129. 

The causes and significance of variations in the birth-rate have been 
the subject of much controversy. A high birth-rate is very generally 
regarded as a sign of prosperity. At the same time, however, it has- 
been observed that the highest birth-rates occur in crowded cities, among- 
the poorest and unhealthiest classes, and that they generally coin- 
cide with high death-rates. It has been asserted that high birth-rates 
were the cause of liigh death-rates, the birth-rate being the " controlling 
element" of the death-rate." Tiie relation existing between births and 
deaths will be considered later, in connection with the subject of mortal- 
ity. We Avill at present only say that high birth-rates and high deatli- 
rates, although frequently coinciding, have been conclusively demonstrated 
by Mr. Humphreys to be results of distinctly separate causes, having little 
in common.^ The high birth-rates prevailing in cities are largely due, 
according to Mr. Humphreys, to the fact that in urban populations a 
greater proportion of women of the child-bearing ages are married, and 
that they marry younger than is the case in the country. Another cause 
which tends to stimulate the birth-rate in cities is the general prevalence 
of liigli rates of infant mortality, the intervals of child-bearing being 
shortened by the early deaths of the new-born. 

The influence of oiationality upon fecundity is an interesting subject 
of inquiry in this country, where so many different races contribute to 
form the population. The birth-rates prevailing in each of the countries- 
from which emigrants come to the United States can generally be ascer- 
tained; but it is less easy to determine the fecundity of each race when 
established in the midst of our population. The difficulty of determining^ 
the birth-rates of natives and foreigners, and of each of the foreign na- 
tionalities, is due to the lack of data relating to the parentages of the 
living population. The common division of the population, according to 
tha place of birth, is entirely unsuitable for the purposes of such an in- 

' M. Block; Loc. cit., p. 433. 

' See Address to Society of Officers of Health, 1874, by Dr. Letheby. 
^ See paper on the Value of Death-rates, N. A. Humphreys : Journal of the Statis- 
tical Society, London, 1874, p. 4o7. 
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quiry, on account of the anomalous age-distribution of the resulting popu- 
lations to be compared. The so-called "native population," comprising 
the offspring born in this country of foreigners, contains a great excess of 
children, while the " foreign population " is made up almost exclusively 
of adults, with an excess of individuals of the reproductive ages. It is 
obvious that the population of foreigners domiciled in this country, if 
taken as the basis for comparative estimations of fecundity or mortality, 
must show a disproportionate frequency of all the events which occur ex- 
clusively or mainly in the adult time of life, such as births, still-births, 
marriages, deaths by consumption, etc. From such misleading compari- 
sons of unsuitable data, the erroneous inference has repeatedly been drawn 
that the foreigners established in this country are three or four times as 
l^rolific as the natives. 

Certain facts, unquestionably, seem to show that the fecundity of the 
foreign-born population of the United States is greater than that of the 
native populatioti; ' but the difference is very much less marked than has 
been asserted. It is, moreover, not improbable that the difference is due 
to social circumstances rather than to any national peculiarities, and that 
the superior fecundity of the foreign element of our population is similar 
in extent and in causes to that which characterizes poor urban populations 
in general. The foreigners in this country are mostly agglomerated in 
towns and cities under conditions which everywhere produce high birth- 
rates, while the native element, on the other hand, corresponds in the 
main rather to the classes which in England furnish comparatively low 
birth-rates. Notwithstanding the greater fecundity of the foreigners, the 
mortality of their offspring is so great that it is very questionable whether 
the rate of increase is as great among them as among the native inhabi- 
tants of the country.* 

Mortality. 

Methods of statement. — The mortality, or liability to death, prevailing 
in any community or group of individuals, is determined and expressed by 
means of a ratio between the numbers of the living and of the dying in a 
year. This ratio either states out of how many living one dies yearly, and 
is obtained by dividing the population by the yearly deaths; or it states 

' The last census of the State of Massachusetts showed that, of all the native-bom 
■women over twenty years of age, over 57 per cent, were mothers, while of the foreign- 
born women of the same ages nearly 66 per cent, were mothers. The births of 1874 
being compared with the number of mothers enumerated in 1875, it was found that 
while among the native-born mothers there was one birth in every nine mothers, 
among the foreign-born mothers the proportion was one in every 4J. The average 
number of births to native-born mothers was 3.52 ; to foreign-born mothers, 4.91. 
(Census of Massachusetts for 1875, Boston, 1876, p. 42.) 

- It has been asserted by a distinguished authority — Dr. Edward Jarvis — on the 
strength of arguments which cannot be reproduced here, that ' ' the natural increase is 
at a lower rate in the foreign than in the American families." (See the Atlantic 
Monthly, April, 1873, p. 468. See, also, the Abstract of the Census of Massachusetts 
of 1865, p. 296.) 
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how many die yearly out of one hundred or one thousand living;, being 
then obtained by dividing the total deaths occurring in a year by the 
population living in the middle of the year, and multiplying the quotient 
by 100 or by 1,000. 

The resulting statement of mortality is a general death-rate, express- 
ing the mortality by all causes of the aggregate population, of both sexes, 
and of all ages. Other special death-rates are also used, distinguishing 
the sexes, the ages, the places of residence, the occupations, etc., of the 
persons living and dying, and showing how many die by all causes out 
of 1,000 living males or females; out of 1,000 persons, or males, or females 
of specified ages; out of 1,000 individuals inhabiting particular localities, 
or classes of localities; out of 1,000 individuals following particular call- 
ings. Still another kind of special death-rate distinguishes the causes of 
death, showing how many persons die yearly by particular diseases, or 
classes of diseases, out of every 1,000 living; and such death-rates may 
also distinguish age and sex. All these statements of mortality have their 
usefulness, serving to show the variations of mortality, and by inference 
of healthfulness, under varying conditions of sex, age, locality, occupa- 
tion; showing, also, the forms of disease prevailing under such varying 
conditions, and thereby enlightening the hygienist with regard to the 
causes and prevention of fatal diseases. 

The data from which death-rates are calculated are, in the first place, the 
total deaths occurring in the specified time (one year), as determined by 
registration; and, in the second place, the population or number of persons 
living at the middle of the period in which the deaths occur, and for 
which the rate is required. The methods by which the population living 
at any given time is estimated from the returns of the most recent census, 
the known rate of increase, the yearly births and deaths registered, and 
the records of migration, cannot be described within the limits of this 
chapter. The reader who is desirous of accurate and complete informa- 
tion regarding these questions of statistical technique must be referred to 
special treatises on the construction of life-tables, in which the methods of 
computation and the requisite algebraic formubu, together with the cor- 
rections for defective or inaccurate data, are set forth at length. 

The value and significance of general death-rates as tests of sanitary 
condition have been disputed,' on the ground that disturbing influ- 
ences exist which have no connection whatever with the condition of the 
public health. It has been urged that the mortality of males and females 
differs somewhat; that the mortality of infancy, of adolescence, of middle 
life, and of old age, differs enormously; and that, inasmuch as the propor- 
tions of males and females (the sex-distribution), and the proportions of 
young, middle-aged, and aged lives (age-distribution) vary in different 
populations, therefore the death-rates of populations so differing must be 
subject to great variations, even if their sanitary conditions are the same. 



' See Dr. Letheby's Presidential Address at Opening of Session of 1874 of the So- 
ciety of Officers of Health, Loudon. 



318 



VITAL STATISTICS. 



Thus, a high birth-rate, adding constantly to a popvilation large numbers 
of infants and young children, among whom very high rates of mortality 
prevail, must necessarily, it has been said, be attended by a high general 
death-rate. In fact, it has been asserted that the birth-rate was really 
the "controlling clement" of the death-rate; that high death-rates were 
caused by high birth-rates. The fact that high birth-rates and high death- 
rates are generally found to coincide in the same joopulations seemed to 
bear out this theory. 

In answer to these views, however, it has been shown by Mr. N. A. 
Humphreys ' that the variations of the death-rate due to differences of 
sex and age-distribution are in reality inconsiderable. The disturbance 
occasioned by the largest existing disproportion of the sexes in any Eng- 
lish community does not exceed 0.2 per 1,000 in the rate of mortality. 
The disturbance due to variations of age-distribution is greater, amount- 
ing in extreme cases to 3 per 1,000; but, in the case of urban populations, 
not exceeding 1 per 1,000. This disturbing agency is, however, shown 
by Mr. Humphreys to have an effect which is just the reverse of that 
alleged, for a high birth-rate, instead of producing an age-distribution 
favoring a high death-rate, is, on the contrary, unavoidably attended by 
such an age-distribution as tends to lower the death-rate. The effect of 
the excessive number of infants in populations with high birth-rates is 
more than balanced, says Mr. Humphreys, by that of the excessive num- 
ber of children and adults between five and sixty years of age, among 
whom the rate of mortality is low, and by that of the small proportion of 
persons aged sixty years and upward, among whom the rate is high. 
The observed frequent coincidence of high birth-rates with high death- 
rates, upon which the false theory that the birth-rate governed the death- 
rate has been largely based, is due to the action of distinctly separate 
causes. High death-rates occur chiefly in cities, for reasons which are 
tolerably Avell known. High birth-rates occur also in cities, being due in 
a great measure to the larger proportion of young married women in 
urban, as compared with rural populations. Mr. Humphreys' conclusion 
is that no one of the alleged disturbing influences, or the combined result 
of them all, would so affect a death-rate calculated on the " national sys- 
tem " as to warrant its being disregarded as a test of sanitary condition. 

The most accurate statement of mortality is afforded by a life-table, 
deduced from the ratio between the deaths and the population at different 
ages. Such a table contains in its various elements a great variety of in- 
formation concerning the chances of living and dying. It exhibits, in the 
first place, the deaths and the number surviving (hence called by the 
French table de survie) at each year of age out of a million children born 
alive. It supplies also a table of mortality, showing the number of an- 
nual deaths at each year of age among a given number (a hundred, or a 
thousand) of the living at the same age. It thus shows the death-rate at 



' Paper on the Value of Death-rates as a Test of Sanitary Condition, by N. A. 
Humphreys, F.S.S. : Journal of the Statistical Society, London, 1874. 
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<'ach year of age. It shows also the probability or chance of living a year 
or any number of years at any age. It gives the probable duration of 
life — vie 2)^obable of the French — which is the time in which the number 
born is reduced one-half. It shows also the expectation of life, or after- 
life time — vie rnoyenne of the French — at birth or at any year of life. 
An exposition of the methods employed in the construction of life-tables 
would here be quite out of place. For full information on this complex 
and difficult subject the reader must be referred to treatises dealing with 
the technicalities of statistical science.' 

A life-table being considered to afford the most satisfactory measiire 
of tl)e relative duration of life, either of classes or of different communi- 
ties, the next best test is the mortality obtained by dividing the deaths 
by the living at each age. After this comes the general death-rate, or 
ratio of the total deaths to the total population. Such is the order, as 
regards scientific value, in which the different methods of appreciating 
mortality are placed by sanitary statisticians. 

General death-rates.- — The following table exhibits tlie mean annual 
death-rates that prevailed during a jieriod of twenty-two years (1853-1874) 
in nine European countries, together with the highest and lowest yearly 
rates recorded in each country: 



States. 



Denmark 

Sweden 

England and Wales 

France 

Netherlands 

Prussia 

Spain 

Italy 

Austria 



Mean annual 


Lowest annual 


Highest annual 


death-rate. 


rate. 


rate. 


20.2 


18.3 


24.3 


20.3 


IG.3 


27.G 


22.2 


20.5 


23.7 


24.2 


21.4 


34.8 


25.0 


22. G 


31.2 


27.1 


23.7 


34.0 


29.7 


2G.3 


32.8 


30.2 


27.7 


34.2 


32.2 


28.1 


4G.0 



Such being the mean death-rates of these countries, we will now add 
a table giving in juxtaposition tlieir mean birth-rates and death-rates, to- 
gether with the mean yearly surplus of births over deaths in each coun- 
try. 



' See The Conatruction of Life-Tables by Dr. \Vm. Farr, Fifth Report of the Regis- 
trar-General of England, London, 184;], p. 343. See also English Life-Table, with an 
Introduction by Dr. Win. Farr, London, 1804. Eucyclopajdia Britannica : Article, 
Mortality, by Islv. Milne. Essay on Vital Statistics, by E. B. Elliott. Proceedings of 
the American Association for the Advancement of Science, 1850. 

'- This, and the table following it, are from the paper on Comparative Progress of 
Population, by F. Martin : Journal of the Statistical Society, London, 1877, Vol. XL., 
p. G02. 
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States. 


Mean annual 
birth-rate. 


Mean annual 
death-rate. 


Surplus of birth- 
rate over death- 


England and Wales 


34.9 


22.2 


12.7 


Sweden 


31.9 


20.3 


11.6 


Denmark , . . . . 


31. G 


20.2 


11.4 


Prussia 


37.8 


27.1 


10.7 


Netherlands 


34.5 


25.5 


9.0 




39.9 


32.2 


7.7 




37.2 


29.7 


7.5 


Italy 


37.1 


30.2 


6.9 




2G.1 


24.2 


1.9 



" It will be needless," says the author from whom these figures are bor- 
rowed, "to dwell on the extreme significancy of the preceding table, the 
figures of which have an eloquence of their own. They proclaim very 
distinctly that there are five States, mainly with inhabitants of Teutonic 
blood, England, Sweden, Denmark, Prussia, and the Netherlands, the 
population of which is more or less rapidly increasing ; that there are 
three other States of either mixed or Latin race, the population of which 
grows at a moderate rate; and, finally, that in one State, France, the 
progress of population is almost stagnant, the percentage of births differ- 
ing not greatly from that of deaths." 

Influence of sex and age. — Sex and age are together distinguished in 



Ages. 


Sex. 


1 

France. 


Ru.ssia. 


< 


Italy. 


Bavaria. 


j Prussia. 


Netherlands. 


Belgium. j 


■ '1 

England. j 


Sweden. 


Norway. 




Males 


230 


0 


328 


0 


.331 


0 


270 


0 


408 


5 


236 


0 


228 


0 


205.2 


210 


0 


165 


0 


158.0 


0-1- 


Females. . . 


li)7 


U 


294 


5 


275 


0 


238 


0 


366 


4 


205 


0 


194 


5 


168.0 


171 


0 


140 


0 


131.5 




Persons . . . 


217 


0 


316 


6 


303 


0 


254 


0 


372 


2 


220 


3 


211 


2 


186.4 


190 


7 


153 


0 


144.3 






.34 


8 


54 


8 


41 


3 


54 


0 


42 


1 


47 


0 


36 


3 


35.6 


37 


1 


32 


5 


29.4 




Females. . . 


34 


5 


52 


5 


39 


8 


53 


8 


37 


6 


45 


1 


36 


5 


36.0 


36 


2 


29 


8 


28.7 




Persons. . . 


34 


6 


54 


6 


40 


5 


53 


9 


39 


8 


46 


0 


36 


4 


36.1 


36 


7 


31 


1 


29.1 






6 


8 


9 


8 


7 








8 


1 


7 


0 


7 


4 


7.0 


6 


4 


7 


1 


G.8 


5-15- 


Females. . . 


7 


6 


9 


4 


7 


3 






6 


7 


7 


3 


8 


5 


8.5 


6 


9 


6 


7 


7.2 




Persons. . . 


7 


2 


9 


6 


7 


3 


'8 


2 






7 


2 


8 


0 


7.7 


6 


7 


6 


9 


7.1 




Males 


8 


7 


8 


6 


8 


5 






9 


1 


7 


4 


8 


3 


8.0 


8 


0 


6 


4 


7.1 


15-30- 


Females. . . 


8 


6 


8 


5 


7 


7 






8 


5 


6 


6 


7 


6 


9.0 


8 


3 


5 


2 


5 8 




Persons. . . 


8 


6 


8 


6 


8 


1 


jo 


6 


8 


8 


7 


0 


8 


8 


8.5 


8 


2 


5 


8 


6.5 




Males 


13 


1 


19 


9 


17 


8 






16 


5 


16 


0 


16 


1 


13.5 


16 


3 


14 


1 


11.6 


30-60- 


Females. . . 


12 


7 


18 


8 


16 


3 






17 


8 


14 


s 


14 


7 


13.3 


15 


0 


11 


2 


10.4 




Persons . . . 


12 


9 


19 


4 


17 


0 


i7 


3 


17 




15 


4 


15 


4 


13.4 


15 


6 


12 


5 


11.0 






67 


8 


81 


0 


82 


6 


88 


2 


80 


4 


73 


0 


71 


3 


79.0 


69 


7 


73 


6 


61 .1 


60+- 


Females. . . 


68 


4 


76 


0 


85 


4 


88 


2 


82 


0 


72 


5 


68 


7 


79.0 


66 


0 


67 


2 


57.1 


Persons. . . 


68 


2 


78 


1 


84 


0 


88 


2 


81 


5 


72 


7 


70 


1 


79.0 


67 


9 


70 


0 


.58.9 


All 




23 


1 


37 


8 


34 


0 


31 


0 


30 


6 


26 


7 


25 


7 


23.5 


23 


9 


21 


5 


19.0 




Females, . . 


22 


6 


.35 


9 


30 


9 


29 


0 


28 


3 


24 


9 


24 


4 


23.1 


21 


7 


19 


5 


17.9 


ages. " 


Persons. . . 


32 


S 


36 


8 


32 


4 


30 


0 


29 


5 


25 


8 


25 


0 


23.3 


22 


8 


20 


4 


18.4 
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the foregoing table,' whieli shows the mean death-rates of both sexes, and 
of each sex, at all ages, and at several groups of ages, in several coun- 
tries. 

The ages are still further divided in the following table," which gives 
the average annual rates of mortality in England and ^Vales, according 
to the returns of thirty-four years (1838-1871), for males and females, at 
all ages, and at twelve periods of life : 



Ages. 


Males. 


Females. 


Ages. 


Males. 


Females. 


All ages .... 


23.3 


21.5 




23.3 


21.5 


0- 5 


72.0 


02.7 


45-55 


18.5 


15.0 


5-10 


8.7 


8.5 


55-65 


32.0 


28.0 


10-15 


4.9 


5.0 


05-75 


07.1 


58.9 


15-25 


7.8 


8.0 


75-85 


147.1 


134.3 


25-35 


U.9 


10.1 


85-95 


305.5 


279.5 


35-45 


13.0 


12.3 


95 and upward. 


441.1 


430.4 



This table shows that, although in England, as in other countries, the 
average death-rate of males at all ages is greater than that of females, at 
the ages 10 to 35 the mortality of females slightly exceeds that of males. 
This temporary greater mortality of females at the ages of puberty and 
of reproduction appears by the figures of the last table but one to be 
peculiar to England and Belgium. After the age of child-bearing the 
women everywhere die at a much lower rate than men. 

Influence of locality. — The variations of mortality, according to differ- 
ences of locality, are extremely interesting to the hygienist, on account of 
the light which such variations, when properly interpreted, throw upon 
the nature of insanitary conditions. The general death-rate of a people 



Fifty-one healthy districts- 
England and Wales 

London 

Manchester district 

Liverpool district 



Death-rates per 1,000. 



Males. 



Females. 



17.56 
23.01 
26 . 55 
35.38 
40.97 



1G.23 
21.28 
22.34 
30.46 
36.36 



' From M. Block : Loc. cit., p. 444. The figures are borrowed in part from Ber- 
tillon. The death-rates are calculated from the returns of the years 18G0-18(;~), ex- 
cept those relating to France, which are of the years 1857-1806, and those for Sweden 
of the years 18()4-1870. 

From Supplement to Thirty-fifth Report of the Registrar-General, p. xxvi. 
Vor.. II.— 21 
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is an average of high and low death-rates. As a rule, high rates of mor- 
tality prevail in cities, low^ rates in the country. The table ' on preceding 
page shows the extent of the variation of mortality in certain typical divi- 
sions of PJngland and Wales during the period 1861-1870. 

In fifteen great " town districts " (Manchester, Salford, Bradford, Bir- 
mingham, Sheffield, Leeds, Newcastle-upon-Tyne, Munster, Leicester, 
Gateshead, Bristol, Hull, Exeter, Worcester, and Shrewsbury) the aver- 
age annual rate of mortality during ten years (18G1-1870) was as high as 
29.48 per 1,000 for males, 25.91 for females. 

Thus we see that the death-rate ranges from 17 per 1,000 in the 
healthy districts to 37 per 1,000 in Liverpool. The controlling agency, 
to which these great differences of mortality are chiefly due, is the degree 
of concentration of the population. According to Dr. Wm, Farr''' the 
mortality of districts increases with the density of their populations ; 
not, however, in the direct proportion of their densities, but as the sixth 
root of their densities. The uniformity and accuracy of this law are 
very remarkable. Having calculated the death-rates of seven groups of 
districts from the densities (population to a square mile) of those groups, 
Dr. Farr found the deduced death-rates to approximate very closely the 
observed actual death-rates of the groups of districts. The calculated 
death-rates being 18.90, 19.10, 20.87, 25.02, 28.08, 37.70, 38.74; the cor- 
responding observed rates were 1G.75, 19.16, 21.88, 24.90, 28.08, 32.49, 
38.62. 

We have seen to what extent the mortality at all ages is influenced by 
density of population. The ill effects produced by undue concentration 
of inhabitants are much greater in the early years of life than in subse- 
quent ages. Infants and young children are far more sensitive than 
adults to this insanitary agency, as the following figures,^ relating to 
seven groups of English districts, show : 



Persons to a square mile . . . 

Death-rate at all ages 

Death-rate under five 



166 


186 


379 


1718 


4499 


12,357 


16.94 


19.18 


21.90 


24.81 


28.02 


32.92 


37.80 


47.53 


63.00 


82.10 


95.04 


111.90 



65,823 
38.67 
139.52 



The figures in the last column of this table relate to Liverpool district. 
Comparing these figures to those for the healthy districts, it is found that, 
while the death-rate at all ages is increased 128.3 percent., the death-rate 
under five is increased 269.1 per cent. To every 100 deaths at all ages, 
and to every 100 deaths under five, in the healthy districts, there are re- 
spectively in Liverpool 228 deaths at all ages and 369 deaths under five. 



From the Supplement to the Thirty-fifth Report of the Registrar-General, p. clx. 

^ Appendix to the Fifth Report of the Registrar-General, pp. 420-424. Also Sup- 
plement to the Thirty-fifth Report, p. xxiii: 

^ Extracted from Table 49, Supplement to Thirty-fifth Report of the Registrar- 
General, p. clix. 
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It is thus made plainly evident that tlie evil effects of overcrowding are 
■chiefly felt in infancy. 

Excessive density of population is a complex condition, implying a 
combination of many separate and distinguishable morbific agencies. The 
part played by each of these is capable of more or less accurate analysis 
and statement by means of vital statistics relating to the hygienic, social, 
and financial conditions prevailing in different communities. The methods 
and results of such investigations cannot here be set forth. We must 
content ourselves with the statement that overpopulation implies not only 
the prevalence of filthy surroundings, resulting from the difficulties of 
ventilation, of drainage and sewerage, caused by the too great proximity 
of man to man; it implies also the poverty of the overcrowded inhab- 
itants, together with all the anti-hygienic conditions which, as causes or 
effects, accompany poverty, namely, privations of all sorts, intemperance, 
vice, ignorance. 

Such being the agencies which, when combined, find their statistical 
expression and measure in " density of population," it would be a mistake 
to suppose that the relation of mortality to density, according to the 
ratio demonstrated by Dr. Farr, was an inexorable law, incapable of miti- 
gation by stationary measures. The mere fact that the death-rate of Eng- 
land remains stationary, in spite of the constantly increasing concentra- 
tion of the population, is, as Dr. Farr points out, a proof of the efficacy 
of sanitation, as carried out in that country. 

An important precaution, which must always be borne in mind when 
the death-rates of different localities or communities are compared, con- 
sists in ascertaining whether their populations are sufficiently similar in 
age-distribution to admit of comparison. The mortality rates at all ages of 
rich and poor urban districts are often placed in opposition to each other 
without allowance being made for differences of age-distribution, which 
deprive the contrasts observed of all significance. Districts inhabited by 
the wealthy classes always contain a great excess of adults, of the ages in 
which low or moderate rates of mortality prevail. Infants and young 
children are comparatively few in number, partly because the birth-rate 
4imong the wealthy classes is not so high as among the poor, but chiefly 
because the families of the wealthy comprise large numbers of strong and 
able-bodied servants who are childless, or, if not childless, have children 
residing elsewhere. In the districts inhabited by the poor, on the other 
hand, where the birth-rate is high, and no servants are kept by the heads 
of families, there is a great proportion of infants and young children. 
The great mortality among these raises the death-rate of the population 
to which they belong. The only proper way of comparing, as regards 
mortality, groups of inhabitants so differently constituted, is to compare 
their respective death-rates at different ages of life. 

Influence of inarr 'uKje. — Statistics have been adduced to show that the 
mortality of unmarried life is greater than thai of married life. Dr. Ber- 
tillon's tables, made up from the returns of France from 185G to 1865, 
show that the death-rates of married adults are considerably lower than 
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those of tlie unmarried, the death-rates of the widowed being tlie highest 
of all. The following extract from his figures,' showing death-rates per 
1,000 living of each sex in each of the three conditions of life, will suffice 
to illustrate the extent of the differences found to exist : 







Males. 






FeMAIjKS. 




Ages. 

















Single. 


Married. 


Widowed. 


Single. 


Married. 


Widowed. 


20-25 . . . 


12.88 


8.92 


49. GO 


8.32 


9.92 


12.31 


25-30 ... 


10.17 


G.24 


21.84 1 


9.02 


8.98 


23.62 


30-35 ...! 


11.51 


G.82 


19.17 


9.87 


9.3G 


1G.90 


35-40 . . . ! 


13.15 


7.52 


17.50 


10.87 


9.29 


15.03 


40-45 . . .' 


1G.G2' 


9.55' 


18.89 


13.28 


10.14 


12.73 


45-50 . . . 


19. GO 


11.47 


22.20 


15.71 


10.G9 


13.30 


50-55 . . . 


25.80 


15.G1 


2G.S0 


20.97 


14.11 


15.20 


o5-G0 . . . 


33.10 


21.50 


34.17 


2G.90 


19.29 


24.47 


G0-G5 . . . 


45.92 


32. GO 


47.50 


40.52 


30.75 


37.07 


G5-70 . . . 


58.50 


44.80 


G2.97 


58.30 


45.30 


53.50 



The death-rate of the married is manifestly the lowest. The inference 
that married life is correspondingly more salubrious than unmarried life, 
and is a cause of longevity, can, however, hardly be considered as justi- 
fied, unless it is proved that the classes whose death-rates are compared 
comprise individuals originally equally healthy. A very plausible expla- 
nation of the differences observed in the rates of mortality of married 
and unmarried persons has been found in the incontestable fact that it is, 
as a rule, the strong men and women who undertake matrimony and suc- 
ceed in securing partners. 

Influence of occupation. — The health of individuals engaged in dif- 
ferent occupations has nowhere been so fully and so elaborately investi- 
gated as in England of late years, under the direction of Dr. Farr. The 
last supplement to the reports of the registrar-general contains an im- 
mense amount and variety of tabulated statistical information bearing 
upon this important and interesting subject. The following extracts from 
Dr. Farr's remarks ' will suffice to give the reader an idea of the methods 
used in the inquiry, and of the results obtained. For more exact and de- 
tailed information, he must be referred to the statistical tables themselves. 

" The mean age at death of people in different businesses often furnishes very er- 
roneous indications, as it is affected as much by the ages at which people enter and 
leave, and by the increase or decrease of employment, as by the salubrity or insalu- 
brity of any particular profession. The only way in which the mortality and the du- 
ration of life of miners, tailors, farmers, laborers, or any other class of men can be 
accurately determined, is to determine the ratio of deaths at each age to the living 



'See article " Mariage," Dictionnaire Encyclopedique des sciences medicales, 
Paris ; also, M. Block : Loc. cit., p. 44G. 

' Supplement to the Thirty-fifth Report of the Registrar-General, pp. lii-lviii. 
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<luring a certain time — in fact, to apply the same method to each class as is applied to 
determine the mortality and the mean lifetime of all classes in a town, in a district, or 
in the whole kin^jdom. 

" The materials for such an inquiry, extending over all the recognized trades of the 
men of England, were in ))art supplied ten years ago in the Supplement to the Registrar- 
General's Twenty-fifth Annual Report ; and it has now been deemed right to publish as 
a sequel the deaths in 1871 in the same classes, at ten different ages, in England and 
Wales, in each of its divisions, and in eighty town districts. 

" By adding these results of 1871 to those for the two years 18G0 and 1801, a large 
basis of facts is obtained, and sufficient to enable us to determine the relative mortality 
of men of various ages in all the leading, numerous, and well-defined professions. The 
clerical work in the reduction of these census and registration tables is very great, and 
nothing analogous to it has yet been undertaken in any other country. The results 
fully justify the expenditure in the collection and analysis of the facts, which are now 
t-ubmitted to the hygienic student. They will repay his careful study of the mortality 
in its relations to the circumstances of every occupation. 

I can only call attention hero to some of the more remarkable results. 
"The numerous, useful, and, as a body, respectable men, who supply the commu- 
nity with drinks, food, and entertainment in inns are shown to suffer more from fatal 
diseases than the members of almost any other known class. They might themselves 
institute a strict inquiry into its causes. But there can be little doubt that the deaths 
will be found to be due to delirium tremens and the many diseases induced or aggra- 
vated by excessive drinking. It .seems to be well establi.shed that drinking small 
doses of alcoholic liquors, not onlj* spirits, the most fatal of all the poisons, but wine 
and beer at frequent intervals, without food, is invariably prejudicial. When this is 
carried on from morning till late hours in tlie night, few stomachs — few brains— can 
stand it. The habit of indulgence is a slow suicide. The many deaths of jiublicans 
appear to prove this. Other trades indulge in tlie publican's practice to some extent, 
and to that extent .share the same fate. Tlie dangerous trades arc made doubly dan- 
gerous by excesses. 

" 'I'he clergy of the Established Church, Protestant ministers. Catholic priests, and 
barristers, all experience low rates of mortality from ages 2-) to 4o. The clergy lead a 
<;omfortable, temperate, domestic, moral life, in healthy parsonages, and their lives 
are good in the insurance sense. The young curate, compared with the young doctor, 
has less cares. 

" The mortality of Catholic priests after the age of 5.5 is high ; x)erhaps the effects 
of celibacy are then felt. 

"Solicitors experience the full average mortalitj' after the age of o~) ; the legal 
work is hard. 

" Physicians and surgeons, from youth up to the age of 45, experience a mortality 
much above the average ; after that age they do not approach the priesthood in 
health, but differ little from the average. Many young practitioners have hard 
struggles to encounter. They are in contact with the sick, are exposed to zymotic dis- 
ease, and their rest is disturbed. In states of depression, deadly poisons are at hand. 
There is an excess of practitioners in cities. Countrj' practitioners have to visit their 
I)atients in all weathers, at all hours. The causes from which the medical men suffer 
demand careful .study. 

" Chemists and druggists are younger than medical men, because pharmacy is a 
separate business, and is of more recent growth. Their mortality, like that of medical 
men, is high, and above the average, especially in the younger ages. Manufacturers 
of chemicals, dyes, and colors also experience a mortality above the average. 

" Commercial clerks experience an exceptionally high rate of mortality. The rooms 
in which they work are generally close and ill ventilated. They often stoop at their 
desks. They require Sir John Lubbock's holidays. 
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" The railway service, taken collectively, experience a high rate of mortality, some- 
Avhat higher than medical men at advanced ages. 

"Coachmen (not domestic servants) and cabmen experience nearly the same high 
mortality as the railway service, from the age of 20 to 85 ; after 35 the mortality is in 
still greater excess ; the causes are probably drink, exposure to the weather and violent 
deaths. The mortality of housekeepers and grooms, is, without hard exercise, nearly 
as high at the ages of 25 and vipwards, as the majority of coachmen. 

" Veterinary surgeons and farriers of the age of 25 and upwards experience a very 
high rate of mortality ; higher than physicians and surgeons. 

"Gamekeepers offer an example of the healthiness of outdoor life ; their mortality 
is very low. The exercise of genuine sport is no doubt as salutary to the amateur 
sportsman as it is to the professional descendant of the hunters of old. 

" Publishers and booksellers fare well in life and health ; they are generally masters, 
in better circumstances than their confederates, bookbinders and printei's, including 
masters and men, who often work in badly ventilated rooms, and die at a rate of mor- 
tality exceeding the average. 

" Tool, file, and sawmakers have among them the grinders, who suffer so much from 
sharp particles of stone and steel inhaled into their lungs ; their mortality is still high, 
and at the ages 32-45 is excessively high. 

" Coachmakers of all branches working in wood, iron, binding, and paint, up to the 
age of 45, experience a low rate of mortality ; afterwards the mortality exceeds the 
average. They live in towns. 

"Wheelwrights, working chiefly in wood, and scattered all over the kingdom, are 
healthy ; their mortality is low at all ages. 

" To carpenters, joiners, sawyers, and workers in wood generally the same observa- 
tion may be extended ; their mortality is low ; their occupation is healthy. 

"The mortality of the blacksmiths, also scattered over the country, and working in 
heat and iron, is higher than that of the wheelwright and carpenter. 

" The carver and gilder suffers less than he did. But both he and the plumber and 
glazier require further protection against the metallic poisons. The mortality is high 
among them from age 35 ; but at the age of 45-55 it approaches 50 per cent, higher ; 
at 55-G5 it is near the ordinary mortality of men. 

" The wool, silk, cotton manufacturing population no longer experience an excep- 
tionally high mortality. Lord Shaftesbury and his enlightened colleagues must be 
gratified, if not entirely satisfied, with the success that has crowned their life-long 
labors. And it is creditable to the mill-owners to find the men and boys in their employ « 
suffering less than many other people in towns. 

" The people working in wool are the healthiest ; at all the young ages their mor- 
tality is the lowest ; at 45 and upwards the cotton- workers suffer much more than the 
workers in wool and silk. 

' ' The mercers and drapers are not so healthy a class as could be desired ; their 
mortality is above the average ; especially is this the case from 25 to 45. Perhaps much 
of their indoor work is better suited to women than to young men. 

" The hairdressers, barbers, and wigmakers, the English Figaros, living chiefly in 
cities, experience, according to these returns, high rates of mortality at all ages; and 
so do hatters. 

" Shoemakers at all ages, except 20-25 and at advanced ages, experience a rate of 
mortality below the average. 

" Tailors, on the contrary, die at rates much above the average. For their health, 
and for shoemakers, both classes counting more than 300,000 men, much remains to 
be done. 

"Bakers experience a mortality very little above the average, and that is chiefly 
at advancing ages. 

" Grocers at all ages after 35 experience a low rate of mortality. 

" The tobacconists, snuff, and tobacco manufacturers suffer very much at all the 
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younger ages; indicating clearly enough how prejudicial smoking is to young men. 
They present a strong contrast at the corresponding ages to tanners and curriers, 
who are healthy up to 45, and then show signs of sufiEering. 

' ' The earthenware manufacture is one of the unhealthiest trades in the country. 
At the age of joining it is low; but the mortality after the age of 3j approaches 
double the average ; it is excessively high ; it exceeds the mortality of publicans. 
What can be done to save the men dying so fast in the potteries, and engaged in one 
of our most useful manufactures ? 

" Among the glass manufacturers the mortality is higher at 23-35 than among the 
earthenware manufacturers ; but it is lower afterwards. 

" The men engaged in copper manufactures from 20 and upwards experience a 
mortality somewhat above the average ; at 55 to 75 their death-rate is heavy — much 
heavier than it is among the workers in brass and in iron. 

'• The men in the iron manufactures do not die at the average rates under 45 ; after 
that age the average is exceeded. 

' * Working in wood, on the whole, is comparatively cool compared with working in 
iron ; the loss by perspiration is excessive among such men as puddlers, and they re- 
quire a great deal of drink, which should contain little or no alcohol. 

" Taken in the aggregate, the metal worker — the metallic man in all England does 
not experience the average rate of mortality under 45 ; after that age the table turjis 
against him and his losses grow heavier and heavier every year. 

" Miners, in the aggregate, experience a heavier rate of mortality, largely from vio- 
lent death, than metal workers ; and the mortality of both classes greatly exceeds 
that of the agricultural laborer. 

" Independently of the influence of the material and of the work itself on health, 
the place in which men work exercises so great an influence that it has to be taken 
into account in judging of the salubrity of their occupations. 

" Man is naturally an open air-animal ; he is made to work, and the sky is his native 
covering. So, after taking everything into account, the hunter, the sportsman, and 
the husbandman in a cultivated land are at present the healthiest of all workmen. 
All would no doubt be the better if the higher parts of the brain had their due 
share of activity ; and this, though not often the case now, we may hope will come. 

" The farmers and agricultural laborers are at present among the healthiest classes 
of the population, classified according to occupation. The young farmer, for some 
reason or other, suffers a higher mortality than the laborer ; but at 85 and upwards 
the British farmer enjoys comforts which are beyond the reach of the laborer. It is. 
probable that in no country the agricultural population is healthier than in England. 
. . . . The mortality of the English farmer is not now high ; but it may by cai-e 
be reduced to a lower figure. To what is the high mortality of the young farmer of 
15-25 due ? Farmers' sons appear to be healthy. The laborer experiences a higher 
rate of mortality than the farmer at all ages after 35." 

TJie causes of death. — The death-certificates obtained by means of 
reg'istration should state in every case, in terms belong-ing* to the accepted 
nomenclature, the nature of the disease proving' fatal. These returns 
liaving been collected by the registrar, and purified by the careful re- 
jection of such certificates as fail for any reason (such, for instance, as 
the unprofessional character of the informant) to afford sufficient guaran- 
tees of accuracy, are then classified and enumerated. From the numbers 
so obtained, various kinds of ratios are calculated, taking the form either 
of special death-rates showing the mortality by each disease or class of 
diseases per 1,000 living, or of percentages showing the number of deaths 
by each disease or class of diseases in every 100 deaths. Of these two 
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TABLE OF MORTALITY, DERIVED FROM THE " ENGLISH LIFE-TABLE, 

BORN CHILDREN MAY 



Ages. 



Deaths fkom all causes. 



Total zymotic diseases. Okder 1, 



ZYMOTIC DISEASES. OKDER 1. 

1. Small -pox 

2. Measles 

3. Scarlatica 

4. Diphtheria 

5. Whooping-cough 

6. Typhus 

7. Diarrhoea and dysentery 

8. Cholera 

9. Other zymotic diseases. Order 1 . 



FIVE CONSTITUTIONAL DISEASES. 

10. Cancer , 

11. Scrofula and tabes , 

13. Phthisis 

13. Hydrocephalus 

LOCAL DISEASES. 

14. Diseases of the brain 

15. Diseases of the heart and dropsy. . 

16. Diseases of the lungs 

17. Diseases of the stomach and liver, 

18. Diseases of the kidneys 

19. Diseases of the generative organs. 

20. Diseases of the joints 

21. Diseases of the skin 

22. CiriLDIHRTII AND METRIA 

VIOLENT DEATHS. 

, 23. Suicide 

24. Other violent deaths 

25. Other causes.. , 



ALL AGES 



1,000,000 



175,619 



6,521 
12,865 I 
30,021 ' 

4,945 i 
15,101 I 
38,107 
34,366 

0,155 
27,478 



21,311 
14,100 
114,417 
11,252 



121,850 
76,660 
149,585 
52,497 
14,910 
3,062 
3,395 
2,512 



6,921 



3,479 
30,052 



198,363 



0-5 5-10 



263,182 



34,309 



87,099 19,256 



3,331 
11,507 
17,959 

2,425 
14,424 

5,401 
20,344 

1,129 
10,579 



71 
8,115 
4,469 
9,296 



833 
1,080 
8,743 
1,364 

()82 
4,036 

427 

382 
1,709 



10-15 



15-20 



17,946 21,813 



35 
1,100 
2,139 
1,363 



40,065 2,406 

1,507 
41,476 
4,778 
301 
20 
243 
663 



5,175 



938 
2,397 
936 
215 
2 
292 
46 



2,069 



59,904 1,115 



6,555 



244 
127 

1,901 
464 
35 

2,842 
154 
173 
615 



31 
811 
3,526 
362 



4,717 



1,303 
1,005 
837 
717 
179 
6 

312 



291 
39 
493 
165 
6 

2,907 
141 
134 
541 



20-25 



28,705 



4,554 



456 
29 
283 
100 
2 

2,696 
244 
215 
529 



58 
633 
9,074 
84 



1,080 
1,056 
844 
234 
26 
270 
39 



100 
541 
13,785 
32 



1,275 1,464 



244 



1,255 
1,577 
1,137 
351 
85 
219 
50 



1,100 



14 94; 150 
1,7031 1,580 1,677 



543 505 628 
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SHOWING OF WHAT DISEASES AND AT WHAT AGES 1,000,000 LIVE- 
BE EXPECTED TO DIE. 



25-35 



62,052 



35-41 45-55 I 55-65 



65-75 75-85 ! 85 



69,078 81,800112, 086147,905 



7,918 7,616! 8,101 9,795; 11,256 



624i 
41i 
3301 
125 
41 

4,197 
004 
040 

1,293 



347 
23 

102 
91 
2 

3,777 
770 

781; 

1,657 



210 
11 
80 
74 

2 

3,749 
1.115 

'829 
2,031 



122,559 



Ages. 



},565' Deaths prom all causes. 



7,229] 1,528 Total zymotic dis. Order 1. 



2,290 
570 



4,583! 
542 



113 


53 


10 


3 




.1 


1 




45 




0 




68 


47 


19 


"3 


2 


2 






3,822 


3,233 


l',287 


"ioo 


2,102 


3,883 


3,551 


905 


805 


688 


281 


38 


2,713 


3,329 


2,008 


414 


5,998 


5,122 


2,040 


301 


511 


301 


93 


8 



zymotic diseases, order 1. 

1. Small-pox. 

2. Measles. 

3. Scarlatina. 

4. Diphtheria. 

5. Whooping-cough. 
0. Typhus. 

7. Diarrhoea and dysentery. 

8. Cholera. 

9. Other zymotics. Order 1. 



FIVE constitutional DISEASES. 
10. Cancer. 



22,404 10,408j 10,445 



24; 



20 



18 



4,294 
12 



3,844 


5,941 


9,313 


3.829 


0,2(il 


10,041 


4.479 


7,452 


13,203 


3,105 


5,032 


7,917 


1,072 


1,495 


1,982 


324 


585 


750 


357 


349 


390 


110 


143 


214 



15,078 23,108 
17,0811 21,579 



23,059 
11,400 
2,332 
C57i 
4381 
344 



2,516 



160 .. 

I 



5641 ■ 803 



826 



31,213 
11,389 
3,785 
450 
379 
488 



14,974 
10,781 
18,720 
4,019 
2,154 
141 
131 
312 



52 12. Phthisis. 
. . . '13. Hydrocephalus. 



2,488 
1,303 
3,510 
503 
310 
10 
15 
01 



492 



3,280 3,354i 3,155' 2,572 



2,550, 8,959 9,249 



1311 14 



LOCAL DISEASES. 

14. Diseases of the brain. 

15. Diseases of the heart & dropsy. 
Ki. Diseases of the lungs. 

17. Diseases of the stomach & liver. 

18. Diseases of the kiduej-s. 

19. Diseases of the gen'tive organs. 

20. Diseases of the joints. 

21. Diseases of the skin. 



22. Childbirth and metria. 



VIOLENT DE.\TIIS. 

23. Suicide. 



1,0911 495 24. Other violent deaths. 



31,4051 58,905 27,906 25. Other causes. 

I I i 
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■methods of statement the former is preferable. Percentages are less trust- 
worthy indications of the degree to which fatal diseases prevail than death- 
rates based upon the living population, because the former constitute 
ratios between two factors of which both are variable, namely, the mor- 
tality by a specified disease, and the mortality by all causes. 

The value of the statistical statements so obtained depends upon the 
accuracy with which the nature of the fatal diseases is liabitually diag- 
nosticated and registered by the members of the medical j^rofession; upon 
the completeness with which the registration laws are executed; upon 
the care and skill with which the necessary rejections of unsuitable cer- 
tificates, the classification, and the mathematical operations are effected 
by the registrar. All these steps in the elaboration of the statistics being 
supposed to be successfully performed, the results must then be correctly 
interpreted, in order that their significance may be elucidated. 

Tn no country are the causes of death so accurately, so completely, 
and so uniformly registered as in England, and nowhere are the vital 
statistics relating to this subject so elaborately developed as in the ad- 
mirable records of the registrar-general. We shall again have recourse 
to this source for illustrations of the statistical results afforded by re- 
gistration of the cause of death. The table of mortality ' (pp. 328, 329), 
derived from tlie English life-table, shows of what diseases, and at what 
ages, a million live-born children may be expected to die. 

From the returns relating to the causes of death in England and Wales 
for the twenty years 1851-1870, used in combination with the figures of 
the English life-table, and tabulated in the last supplement to the Regis- 
trar-General's Rejjorts, Dr. Farr has drawn up a description of the " March 
of an English Generation through Life," in which he folloves a million 
people through the wliole of their ages, and points out the casualties 
under which past experience shows that they are likely to succumb. So 
much valuable information, drawn from the most trustworthy collections 
of vital statistics in the world, is condensed in this graphic account of the 
diseases which prove fatal at different periods of life, that we cannot re- 
sist the temptation to reproduce it here in the words of its distinguished 
author. 

" March of cui English Generation through Life.'' 

" Age 0-5. — The first thing- to observe is that the fatality children encounter is pri- 
marily due to the changes in themselves. Thus 1,000,000 children just born are alive, 
but some of them have been born prematurely ; they are feeble ; they are unfinished ; 
the molecules and fibres of brain, muscle, bone, are loosely strung together ; the heart 
and blood, on which life depends, have undergone a complete revolution ; the lungs are 
only just called into play. The baby is helpless ; for his food and all his wants he de- 



' From the Supplement to the Thirty-fifth Report of the Registrar-General, Table 
7, p. xciv. In this table metria, or puerperal fever, is removed from the zymotic dis- 
eases, and returned in conjunction with childbirth. 

-' From the Supplement to the Thirty-fifth Report of the Registrar-General, 
p. xxviii. et seq. 
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pends on others. It is not surprising then that a certain number of infants should die ; 
but in England the actual deaths in the first year of life are 149,493, including premature 
births, deaths by debility and atrophy ; diseases of the nervous system 30,037, and of 
the respiratory organs, 21,99o. To convulsions, diarrhoea, pneumonia, bronchitis, 
chielly their deaths are ascribed ; little is positively known ; and this implies little 
more than that the brain and spinal marrow, nerves, muscles, lungs, and bowels fail 
to execute their functions with the exact rhythm of life. The first two are said by 
pathologists to be often rather .symptoms of diseases than diseases in themselves. The 
total dying by miasmatic diseases is 31,20(j ; but it is quite possible that several of the 
children dying of convulsions die in the early stages of some unrevealed zymotic dis- 
ease, whose symptoms have not had time for development. . . . Many of the 
cases of pneumonia may also in like manner be whooping-coughs and other latent 
zymotic diseases. In the second year of life pneumonia, bronchitis, and convulsions 
are still the prevalent, and most fatal diseases ; many also die then of measles, whoop- 
ing-cough, scarlatina, and diarrhoea. Scarlet fever asserts its supremacy in the second, 
third, fourth, and fifth years of age. Whooping-cough is at its maximum in the first 
year, measles in the second, scarlatina in the third and fourth years. Thus these dis- 
eases take up their attacks on life in succession, and follow it onwards. 

" The deaths from all causes under the age of five years are 203,182. The number 
ascribed to infanticide is very few; but the deaths by suffocation (overlaying, etc.), 
are more numerous ; and so are the deaths directly referred to the ' want of breast- 
milk.' The total deaths by burns, injuries, drowning, and all other kinds of violence, 
are 5,175. 

" By a physiological law 511,745 boys are bom in England to 488,255 girls ; and by 
another law 141,387 boys and 121,705 girls die in the first five years of life ; so that at 
the end of five years, the original disparity in the numbers of the two sexes is so much 
reduced that at the age of five years the boys only slightly exceed the girls in number. 
The greater mortality of boy3 is due to difference of organization, for the external con- 
ditions are substantially the same in which boys and girls are placed. 

" Great as is the influence of organization itself, the differences of external circum- 
stances and sanitary condition exercise a very real influence on life, disease, and death 
in childhood. 

" Thus, even in the Healthy Districts of the country, out of 1,000,000 born, 175,410 
children die in the first five years of life ; but in Liverpool District, which serves to 
repre.sent the most unfavorable sanitary conditions, out of the same number born 
400,370, nearly half the number born, die in the five years following their birth. This 
is 284,900 in excess of the deaths in the healthy districts. 

'■'■Age 5-10. — Our young travellers now enter on their sixtJi, year of life. They have 
left great numbers on the way ; and nearly every one of the 730,818 survivors has 
beeii attacked by one disease or another, some by several diseases in succession. There 
is one fact in their favor ; the majority of the zymotic diseases rarely recur. Each 
renders the body insusceptible of injury from diseases of its own kind, though not 
from other diseases. Medicine is still without any accurate determination of the num- 
bers attacked to everj- death, but it is evident from the deaths that some hundreds of 
thousands of the survivors have had whooping-cough, measles, scarlet fever. Taking 
advantage of the non-recurrent law, Jenner, by his immortal discovery, substituted 
small-pox modified and mild for natural small-pox ; and it is probable that the greater 
part of all the children at the age of five are vaccinated or have had small-pox. 

" So the total deaths in the five years following are 34,309, 8,743 of them from 
scarlatina, the principal plague of this age ; 1.304 from diphtheria, 4,030 from fever. 
More than half of the deaths in this young age are from miasmatic disease ; in all, 
19,250. The brain and lung diseases levy also a certain tribute. 

"■'Age 10-15. — But 702.509 survive and enter on this age, which culminates in pu- 
berty, and 081,503 pass through it into the next at the age of 15, for the deaths are 
fewer than at any other age. They amount to 17,940, of which 1,901 are by scaria- 
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tina, 2,842 by fever, 3,o2G by phthisis, these last two diseases already standing as the 
most deadly. In this period the change in girls is greater than the change in boys, 
and rather more of them die. 

''''Age 15-20. — Now the mortality increases, especially among women, of whom 
5,263 die of consumption (phthisis), and 244 of child-birth, tor at this age a few young 
girls marry with some risk to their lives. The tight ligatures that are so often and so 
unwisely placed around the waist interfere with respiration, and ma^-, with their in- 
door life, favor the development of phthisis. The deaths of males by consumption are 
3,811, by fever, 1,3G8; the deaths from both diseases being fewer than the deaths of 
females from the same causes. The violent deaths of 1,387 males against 193 females 
go a long way towards redressing the inequality. 

"Melancholy suicide appears now among the causes of death; indeed 14 such 
deaths appear before the age of 15, but the numbers in this age amount to 94, of whom 
46 are males, 48 are females. Insanity looms on the horizon, and there is an excess 
of fatal brain aifections over affections either of the heart or lungs. 

" Aqe 20-25. — At this age large numbers marry. The deaths are 28,705, of which 
nearly half, or no less than 13,785, are by phthisis. Fever is associated with it as the 
great prevailing zymotic disease ; the reign of the other zymoses of the young is 
almost over. The brain, heart, and lungs begin again to suffer and of their diseases 
more die. 1,100 women die in child-birth. 

" If it is the age of love it is also the age of war, of dangerous work, and of crime. 
The violent deaths, exclusive of suicides, are 1,677, without reckoning any death in 
foreign war. 

" A(je 25-35.— Of the million 634,045 attain the age of 25, and 571,993 live to the 
age of 35. The period extends over double the time hitherto handled. It is the 
athletic, the poetic age ; it is the prime of life. Two thirds of the women are married ; 
and now, at its close, is the mean of the period (33-34) when husbands become fathers, 
wives become mothers, the new generation is put forth. The deaths are separations ; 
they leave widows and fatherless children behind. Of the 62,052 that die 30,592 are 
men, 31,460 women; 2,992 of the men, and only 309 of the women, die by violence, 
suicide excepted ; but 2,901 women die in child-birth. 

' ' Consumption is the most fatal disease of the age ; it is the cause of 27,134 deaths, 
women suffering more than men Fever is fatal to fewer lives than it was earlier, but 
it is by far the most fatal of the zjanotic diseases and slays its 4,197. 

" The local diseases of lungs, heart, and brain grow in tenser in this period. 

" We maj' look back to the fate of a generation exposed to unfavorable conditions, 
such, for instance, as prevailed in the Liverpool District. There, of a million born, 
less than half— only 434,497 — live to the age of 25 ; then 74,153 die in the ten years, 
leaving 360,344 alive at the age of 35. No less than 10,657 die of fever, 333 of suicide, 
4,850 of other violent deaths. The local diseases are exceedingly fatal ; 1,938 mothertj 
die in child-birth. 

" In happier sanitary conditions 727,552 live to the age of 25, and 667,940 survive 
the age of 35. Only 3,116 die of fever, 396 of suicide, and 2,819 of other violent 
deaths. 

" ^/7e .35-45.— The losses are of 69,078 lives; 35,142 men, 33,936 women. The 
athletic age is now over, but the combined faculties of muscular and nervous energy 
are at their height. Women have borne more than half their children, now they bear 
the rest. It is the age of fathers and mothers. Criminality declines. Many of the 
structures now give way. Phthisis still predominates ; fever snatches still its many 
victims, and the brain, heart, lungs, and bowels become more and more the seats of 
destructive disease ; 564 persons commit suicide ; 3,280 die violent deaths; 2,907 of 
them men and 373 women ; 2,516 mothers die in child-birth 

"While the deaths by fever are 3.777 out of 571,993 attaining this age in England, 
14,322 people die of it in the Liverpool district out of 360,344. The lung diseases in 
the two sets of conditions are fatal to 7,452 and 13,967 lives. 
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" In the healthy districts the deaths by fever are 2,702, by diseases of the lungs, 
5,2G1. 

''''Age 45-55. —This age is the middle arch of life : Nel mezzo del cammin di nostra 
vita, for the million are reduced to half a million lives a few months after the age of 
45. They have produced the succeeding generation. The age of fertility is now 
nearly over in women ; but a few lingerers bear children, and in the act IGO die. The 
deaths by all causes are 81,800; by fever, o,749 ; diarrhoea, dj'sentery, and cholera, 
1,944; by phthisis, 16,468; by lung diseases, 13,203; heart diseases and dropsy, 
10,041 ; brain diseases, 9,313 ; bowel and liver diseases, 7,917. The centres of life 
are sources of death. At this age, in their wretchedness, and in their weakness, 599 
men, 204 women, in all 803, ai)peal rashly to the " arbitrator of despairs, just death." 
2,876 men, 478 women, in all 3,354 persons die violent deaths. 

" Cancer, a formidable and dread disease, that began to be fatal before, now destroj's 
4,583 lives — 1,140 men, 3,443 women. 

" In unfavorable sanitary conditions, out of a million lives in Liverpool, only 275,193 
attain the age of 45, and 90,()96 die in the following ten years ; 12,504 of fever, 13,274 
of phthisis, 24,417 of pulmonary diseases, 420 of suicide, and 4,314 of other violent 
deaths. 

"In the Healthy Districts of the country, 606,019 attain the age of 45, and 71,93S 
die in the ten years following ; 2,306 by fever, 13,745 by phthisis, 10,012 by brain dis- 
eases, 10,451 by heart diseases and dropsy, 8,234 by pulmonary diseases, 1,022 by 
suicide, and 3,030 by other violent deaths. 

"^4r/e 55 and upmird/t. —To the age of 55, near the middle of the possible lifetime of 
humanity in its present state, 421,115 attain ; and from this point of time it is possible 
to look ahead, and discover the particular rocks, foes, collisions, tempests to be en- 
countered, to be dreaded, or to be weathered by the fleet on its way to the utmost butt 
of existence — " the very seamark of its journey's end." 

" One thing to remark is, that the rate, the degree of danger, which has hitherto 
increased slowly, now increases at so much faster a pace that, although the number of 
lives grows less, the number of deaths increases in every one of the next twenty years, 
and is afterwards sustained for ten years longer, until at last, in the distance, the liv- 
ing all sink into the elements from which they came. 

" Few will die of the non-recurrent zymotic diseases ; some 29,803 in all will die of 
fever, diarrhoea, cholera, rheumatism, and other zymotic diseases; cancer will carry 
off almost as many as phthisis ; the greatest mortality, however, will be experienced 
from diseases of the lungs ; then will follow in their wake of destruction brain affec- 
tions, apoplexies, paralyses, heart and artery diseases, often the remote causes of the 
other maladies ; bowel and liver diseases, kidney diseases ; many will still die violent 
deaths, as they are less able to resist injuries than younger lives ; gout and intem- 
perance will reap their later harvest ; so will mortification, atrophy, debility, and the 
infirmities of old age . then comes the end. 

" Of 100 women living, of the age of 55 and upwards, it is worthy of note that 11 
are spinsters, 43 widows, and 46 wives ; of 100 men, 9 are bachelors, 24 widowers, 67 
husbands. We now pas.s to the particular decenniads of life. 

"Age 55-65. — The number of males and females surviving becomes equal at the age 
of 53 ; but at and after 55 the women exceed the men in number as their mortality- 
rate is lower even after the age of 39. While 421,115 of both sexes enter this stage of 
life, 309,029 live on to the next ; 112,08(i die ; only 9,795 of fever, diarrhoea, dysentery, 
cholera, rheumatism, and other zymotic diseases. Cancer kills 5,998 persons, 4,035 
of these women; consumption 10,445 ; the diseases most to be dreaded and guarded 
against, especially by men, are affections of the lungs and heart, of which 23,659 and 
17,081 persons die; diseases of the brain are fatal to 15,678, of the stomach, intes- 
tines, and liver are fatal to 11,400. The vigor of life is somewhat subsiding ; family 
cares, perhaps, accumulate, ambition is disappointed, and the mind sometimes gives 
way organically ; the tendency to suicide is greatest at this age, and the greatest num- 
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Taer of lives, 82G, come to that melancholy close in this period. But 8,155 are killed 
by violent deaths of various kinds — 2,560 men, 595 women. 

'■'■Age 65-75. — 309,029 enter this age, and 161,124 leave it alive ; C7 years is near the 
mean date at which their children give birth to their grandchildren, the third genera- 
lion. The 147,905 dying in this period succumb to the same classes of diseases as 
were fatal in the previous decenniad ; and still more succumb to lesions of the brain, 
and heart, and lungs ; the kidneys give way, but are never so fatal as affections of the 
higher organs ; 11,256 of the deaths are from fever, diarrhoea, cholera, rheumatism, 
and other diseases of the miasmatic order ; 9,789 from five constitutional diseases; 
92,391 from diseases of brain, heart, lungs, and other local organs; 3,064 from vio- 
lence; and there remain 31,405 referable in great part to a new head in the develop- 
mental class, old age. 

"• The year of age 72 is that in which the greatest number of men die, which may 
Lave led the psalmist to say, the days of the years of our life are three score and ten ; 
but these are '• days passed away in thy wrath," in violation of the divine laws, and 
therefore are not necessarily the limit of healthy existence when the laws of life are 
observed. 

'■^Age 75-85. — The numbers that enter this decenniad are 161,124, and the numbers 
that leave it alive are 38,565. More than half the numbers living have been married 
and are widowed. The 122,559 that die of recognized disease at this age die chiefly 
■of lung, brain, heart, and other local diseases ; against such dangers they have to 
guard themselves. The number of such deaths is 51,838 ; then some 7,229 persons 
■die of miasmatic diseases, 131 of suicide, 1,691 of violence. The cold weather is their 
great foe. But there remain 58,905, dying chiefly of atrophy, debility, and old age. 

'"Age 85 to the end. — The 38,565 aged pilgrims are no longer what they were ; their 
strength is fading away and they succumb to slight injuries, to cold, heat, want, or 
attacks which in their early years would have been shaken olf ; only 2,153 live to the 
age of 95 and 223 to 100 ; finally, by this table, at the age of 108, one solitary life dies. 

" Of what causes do they all die ? Diseases grow again as obscure as they were in 
infancy ; zj-motic diseases, constitutional diseases scarcely appear ; the diseases of 
the lungs and brain are the most conspicuous among the local diseases ; 509 die of 
■violent deaths, including suicides. These causes account for the end of 10,059, leav- 
ing 27,908 that die chiefly of old age — of what has been called natural death 

" Such and so various are the settings of forty million eight hundred and fifty- 
height thousand one hundred and eighty-four years of English life." 

In the United States the causes of deatli, as exhibited in registration 
reports, differ in some respects from those recorded in England. 

In the finst place, a greater fatality reigns among infants in this coun- 
try, especially in our great cities, whose death-rates are largely increased 
by the excess of infant mortality. The following figures, relating' to two 
cities whose rates of mortality at all ages are nearly identical,, afford an 
illustration of the difference in the rates prevailing at ages under and 
•over five years in English and American cities : 



Ages. 



Boston . 
Means of the last 
four census years. 



years, 1861-1870. 



London : 
Means of ten 



Death-rates under five. 
Death-rates over five. . 
Death-rates at all ages, 



97.2 
15.2 
24.4 



81.6 
15.7 
24.3 
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The excess of infant mortality in American cities is. chiefly due to 
sunnner diarrhcjca (commonly called cholera infantiiin), and is doubtless 
caused by the intense heat of our summers. 

Another important feature of vital statistics in many parts of the United 
States, particularly, however, in New England, is the great mortality 
by consumption. Comparing tlie records obtained in Massachusetts, for 
example, with those of England, we find that, while the mean death-rate 
from phthisis in England during 25 years (1850-1874:) was 2.58 per 1,000, 
the rate for 1875 being 2.22, in Massachusetts the mean death-rate during 
24: years (1853-187G) was as high as 3.65 per 1,000, the rate for 1875 
being 3.47.' 

The mortality caused by ])]ithisis in Massachusetts has been steadily 
growing less year by year. In 1853 the death-rate by this disease stood 
as high as 4.27 per 1,000 ; during the ten years 1853-1864 the decennial 
mean death-rate was 3.80 ; during the succeeding ten years, 1865-1876, 
the decennial mean was 3.40, and in 1876 the death-rate was 3.15. Vari- 
ous causes have been assigned to explain the improvement of the public 
health made manifest in these figures. AVe cannot here discuss the cor- 
rectness of the explanations that have been brought forward, but we shall 
Iiave occasion to touch upon this subject of inquiry in connection witli 
the influence exerted by nationaliti/ upon mortality in this country. 

The last peculiarity of the mortality records of the United States, to 
which we shall only allude, is the occasional prevalence of an epidemic 
disease which is almost unknown in Europe, namely, yelloio fever. For 
information respecting the ravages occasioned by this very fatal disease 
in certain sections of the country, the reader must be referred to the chap- 
ters of this work which treat of External and Inland Quarantine. 

hifluence of iiationallty upon inortaUtij. — AVe now come to a most 
important and interesting subject of inquiry. The population of the 
United States, being largely recruited by immigration, contains a great 
proportion of foreign-born inhabitants. These amounted in 1870, accord- 
ing to the last national census, to 14.4 per cent, of the aggregate popula- 
tion of the country, and consisted mainly of Irish (4.8 per cent.), of Ger- 
mans (4.4 per cent.), of English and Welsh (1.6 percent.). Of all the other 
nationalities, amounting together to 3.6 per cent., no one attained 1 per 
cent. Or, taking the foreign population by itself, the proportions of the 
predominating races were as follows : Irish, 33.3 per cent, of all foreign- 
ers ; Germans, 30.3 per cent.; English and Welsh, 11.2 per cent.; all 
other foreigners together, 25.2 per cent. 

These foreign-born inhabitants, with their families, are mostly concen- 
trated in the cities. Thus, in 1870, of the population of New York 45.5 
per cent, were foreign-born, 21.4 per cent, being Irish. Philadelphia 
contained 27.25 percent, of foreigners, the percentage of Irish being 14.3, 
Boston had 35.12 per cent, of foreigners, the Irish amounting to 22.71 
per cent. Of the entire foreign-born population of Boston 64.6 per cent. 



' Thirty-fifth Registration Report of Massachusetts, Boston, 1877, p. 70. 
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Avere Irish, people from the British American provinces (1-5.4 per cent.), 
Germans (G.3 per cent.), English (6.1 per cent.), Scotcli (2.0 per cent.), 
and other foreig-ti nationalities (each falling short of 1 per cent.) compos- 
ing the remainder of the foreign-born population of the city. By the State 
census of 1875 the percentage of foreigners in Boston was 34.2; the Irish 
amounted to 20.42 per cent, of the entire population of the city, and to 
59. GQ per cent, of the foreign-born. The importance of these ingredients 
of our populations is sufficiently manifest, and it becomes interesting to 
inquire how they affect the sanitary condition of the communities in which 
they are established. 

The most important contribution toward the solution of this question 
was made by General F. A. Walker,' the superintendent of the last 
national census, in a valuable paper on The Relations of Race and Na- 
tionality to Mortality in the United States. It is very difficult correctly 
to institute comparisons between the mortality of the natives and that 
of the foreigners, on account of the anomalous age-distribution of the 
populations concerned in the comparison. Death-rates cannot, therefore, 
be resorted to in such an inquiry. But, as General Walker has shown, 
different foreign classes of this country can fairly enough be compared 
among themselves, without its being necessary for us to take into account 
age-distribution, since all these groups are constituted in a nearly uniform 
manner, and are, therefore, as regards age-distribution, all on about the 
same footing. 

Table No. 1 (on opposite page), drawn up by General Walker, shows, 
in a clear light, the diiferences which exist among the foreign populations, 
compared among themselves, as regards mortality by all causes, and by 
certain of the most important diseases, and classes of diseases. 

The figures contained in General Walker's table should be inter- 
preted on the basis of the proportions borne by the different foreign 
nationalities to the aggregate foreigji population of the United States, 
as shown in table No. 2, which is, so to speak, the key to the preceding- 
table. 

General Walker's table, then, should be interpreted in the following' 
maimer: if each and all of the races therein tabulated were equally liable 
to death and to each of the specified diseases, each race would contribute 
equally to population and to mortality, and the same figures would express 
its proportion of the aggregate foreign population and of the total foreign 
decedents. The Irish, who constitute exactly a third part of the foreign 
population of the United States, would also contribute a third part, 333 
in 1,000, of the deaths by all diseases, or by any one disease. But it will 
be seen in the table that in reality the Irish considerably exceed their 
quota (333 in 1,000) of deaths, inasmuch as they contribute as many as 
410 to every 1,000 foreign-born decedents. The Germans, on the other 
hand, who number 303 in every 1,000 foreigners living in this country, 



' Publications of the American Public Health Association for 1873, New York, 1875, 
p. 35 et seq. 



VITAL STATISTICS. 



337 



only furnish 282 out of every 1,000 deatlis of foreigners; their general 
liability to death is therefore comparatively slight. Thus, whenever any 
nationality contributes more largely to deaths than to population among 

(Table No. 1.) 
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DiarrhcEa, dysentery and enteritis. 


1,000 


384 


271 


118 


(i6 


30 


28 




1,000 


358 


309 


133 


29 


44 


23 


Intermittent and remittent fevers 


1,000 


328 


335 


83 


34 


18 


45 




1,000 


332 


301 


121 


38 


34 


21 




1,000 


192 


283 


189 


75 


28 


7 




1,000 


175 


240 


123 


255 


39 


8 


Scrofula 


1,000 


287 


218 


113 


78 


17 


26 




1,000 


277 


231 


139 


15 


23 


31 


Croup 


1,000 


163 


366 


159 


64 


25 


10 




1,000 


153 


254 


161 


178 


68 





(Table No. 2.) 

FOREIGN POPULATION OP THE UNITED STATES IN 1870. 



Total 
foreigners. 


Irish. 


Germans. 


English 
and Welsh. 


Swedes, 
Norwegians, 
and Danes. 


Scotch. 


French. 


1,000 


333 


303 


112 


43 


25 


21 
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foreigners, tlie excess is significant of a disproportionate liability to death 
by the disease specified, and, conversely, whenever the proportion of any 
nationality to the aggregate foreign population exceeds its proportion to 
the aggregate deaths occurring among foreigners, then that nationality 
may be said to enjoy a comparative exemption from the diseases specified. 
The degree of liability or of exemption may be measured by the diflference 
between the contributions to population and to mortality. 

In the following statement, embodying the conclusions drawn by him 
from his figures, General Walker sets forth in a summary manner the 
peculiarities of each of the leading foreign nationalities which enter into 
the composition of the population of this country. As interpreted by its 
author, the table shows: 

'■'Among the Iri'sJi, a comparative exemption from all the general diseases of the 
febrile group, and from diseases of the digestive and nervous systems ; and, on 
the other hand, a marked liability to general diseases of the constitutional group, in- 
cluding consumption, but with exception of rheumatism, scrofula, and cancers, and to 
diseases of the organs of locomotion, and of the urinary system, with extraordinary 
mortality from Bright' s disease of the kidneys. 

' ' Among the Germans^ a reduced mortality from general diseases of the constitu- 
tional group, and a decided liability to those, especially small-pox, of the febrile group 
(being an exact reversal of the relations of the Irish thereto) ; a comparative immu- 
nity from diseases of the organs of locomotion, and of the integumentary system, and, 
otherwise, a general evenness in the distribution of the body of deaths among the 
several groups of diseases, and through the list of specific diseases. 

" Among the English and Welsh, a liability to the diseases of the nervous, circula- 
tory, digestive, and integumentary systems contrasted with comparative immunity 
from general diseases, both of the febrile and the constitutional groups ; of the spe- 
cific diseases, scarlet fever, diphtheria, whooping-cough, hydrocephalus, croup, ery- 
sipelas, apoplexy, and paralysis, being relatively most fatal ; and consumption, inter- 
mittent and remittent, cerebro-spinal, enteric, and typhus fevers, bronchitis, and 
small-pox, least fatal. 

" Among the Swedes, Noricegians, and Danes, a marked liability to diseases of the 
digestive system, especially dysentery, diarrhoea, and enteritis, and an extraordinary 
mortality from general diseases of the febrile group, notably, measles, scarlet fever, 
diphtheria, and typhus, enteric and cerebro-spinal fevers, with comparative immuiuty 
from general diseases of the constitutional group, and from diseases of the circulatory, 
nervous, urinary, and integumentary systems, and of the organs of locomotion ; the 
deaths from cancers, apoplexy, paralysis, bronchitis, hydrocephalus, and Bright's dis- 
ease of the kidneys being remarkably small. 

" Among the Scotch, an evenness in the distribution of the body of deaths among 
the several groups, with marked exception only of the diseases of the nervous system, 
and of the organs of locomotion, the most noticeable exemptions among the specific 
diseases being small-pox, scrofula, and the fevers ; the most noticeable instances of 
liability, cancers, paralysis, measles, and whooping-cough. 

" Among the French, a general evenness in the distribution of the body of deaths 
among the several groups of diseases, with somewhat more of irregularity as to the 
distribution among the specific diseases than among the Scotch." 

Certain of the national peculiarities to which attention has been directed 
by General Walker are displayed in the vital statistics of our cities. In 
Boston, where the Irish so predominate as to exceed in number all the 
other foreigners put together, they contributed, in 1865, to the foreign 
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population 70.2 per cent., to the total mortality among foreigners TO per 
cent., and to deaths by consumption among foreigners 77.9 per cent. In 
1870 the corresponding percentages were 64.6, 73.3, and 76.2. Similar 
facts have been observed in New York.' 

The proportion of Irish inhabitants in this country has been diminish- 
ing steadily for a number of years back. In the State of Massachusetts, 
the proportion of Irish in 1855 was 16 per cent, of the total population; 
in 1875 it was 14.2 per cent. In Boston the Irish amounted, in 1855, to 
28.8 per cent. ; in 1875 to 20.4 per cent. The mortality by consumption 
in Massachusetts has also been undergoing a steady diminution year by 
year — pari passu with the diminution of the proportion borne by the Irish 
population of the State. Thus, in 1855, the death-rate by consumption 
was 4.19 per 1,000; in 1865 it was 3.68; and in 1875 it was 3.47. Similar 
changes have taken place in Boston, whose population contains the largest 
proportion of Irish inhabitants existing in any city in the United States. 
In 1855 the population of Boston comprised 28.8 per cent, of Irish; the 
death-rate by phthisis stood at 4.58 per 1,000; of all the decedents by that 
disease, 50.7 per cent, were Irish. In 1870 the percentage of Irish inhab- 
itants was 22.7; the phthisis-rate was 3.95 per 1,000; the percentage of 
Irish decedents was 40.2 per cent. In 1875 the proportion of Irish popu- 
lation had declined to 20.4 per cent.; the phtiiisis-rate was only 3.09 per 
1,000; the proportion of Irish consumptives was 36.40 per cent, of all 
the persons so dying. The inference seems unavoidable that tlie grad- 
ual decrease of the mortality by phthisis in Massachusetts is due, ia 
great measure, to the coincident diminution of the Irisli ingredient of the 
population, and not, as has been supposed,'' to greater intelligence of the 
people in the matter of self-preservation, or to increased skill on the part 
of physicians as regards the management of the disease, or to changes of 
climate resulting from the thinning of the forests. 

Ltjlnence o f sanitation upon inortalitij. — We are now led to inquire 
to what extent the mortality of mankind is subject to control by Imman 
agencies. Is it possible for us to resist successfully the inroads of disease 
and of death, to increase the duration of life — in other words, to diminish 
the death-rate; or is mortality regulated by inexorable laws, which defy 
and set at nauglit all our best-considered and most laborious attempts at 
sanitatiou ? It would hardly seem necessary to discuss such a question, 
implying, as it does, a doubt of the usefulness and efficacy of all the pre- 
cepts of public hygiene set forth in this volume. Yet, on the strength 
of the fact that death-rates are not unfrequently found to remain station- 
ary in spite of the most elaborate and costly precautions, it has been ques- 
tioned whether any good were really accomplished by the exertions of sani- 
tary authorities. The death-rate of England, for instance, has for years 
stood at very nearly the same level, in spite of the unexampled extent to 
which all the resources of State medicine have there been developed. 



' First Annual Report of the Xew York Board of Health, p. 245. 
* Thirty-second Registration Report of Massaohusetts, 1873, p. 77, 
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Should it be inferred that all the expenditure of intelligence, of labor, of 
money, all the great public works and administrative reforms effected by 
the sanitary authorities of that enlightened country have been in vain ? The 
answer is that the changes in the character of the population have been 
such that the stationary death-rate itself is a subject of congratulation, and 
not of reproach, for sanitary science. We have seen how great an influ- 
ence is exerted upon mortality by density of population. In England, as 
in all other civilized countries, there has been a constant increase of the pro- 
portion of urban population. " In the last twenty years," says Dr. Farr,' 
"the towns of England have increased from 580 to 938; their population 
from 9 to 14 millions; and the health of the whole population has remained 
stationary." The same tendency toward increasing concentration of the 
people in cities, with all its evil effects upon sanitary condition, is ob- 
served in other countries. In France, in 1846, the percentage of urban 
population was 24.4; in 1856 it was 27.3; in 1866 it was 30.4; and in 
1872 it had reached 31.0.'"' In Massachusetts, towns with 10,000 and more 
inhabitants contained 6.8 per cent, of the whole population of the State 
in 1800; 22 per cent, in 1840; and 48.7 per cent, in 1870.' 

To demonstrate the improvements in sanitary condition and in longev- 
ity brought about by the agency of man, to show how much mortality 
has been diminished and the duration of life increased, as civilization has 
advanced, and as the science and art of preventive medicine have been 
developed, would require a review of the history of sanitation from the 
time of the earliest records to the present day." For such an historical 
survey space cannot here be afforded. We will, however, mention some 
of the results arrived at by Dr. Buchanan ^ in the course of an extensive 
and elaborate inquiry into the sanitary condition of English towns, as 
affected by sanitary improvements of various kinds. 

The towns, whose condition was investigated by Dr. Buchanan, were 
twenty-five in number, containing together an aggregate population of 
606,186 inhabitants. Their sanitary condition and their mortality-rates 
for many years previous to the improvements had been carefully ascer- 
tained. The sanitary operations effected were of various kinds, compris- 
ing : (1) Drainage works, affecting surface, subsoil, and houses; (2) im- 
provements in water-supply ; (3) measures for the removal of decomposing 
organic matters, and for preventing contamination of air and water 
thereby; (4) improved paving, scavenging, and public cleanliness; (5) 
amendment of lodging-houses, and repression of overcrowding. Several 

' Supplement to the Thirty-fourth Report of the Registrar-General, p. viii. 

- M. Block: Log. cit., p. 457. 
Essay on Political Economy of Health, E. Jarvis, M.D. Fifth Massachusetts State 
Board of Health Report, 1874, p. 367. 

* See a paper on The Increase of Human Life, by Dr. E. Jarvis, read before the 
American Statistical Association, Boston, 1872. See also McCulloch's Account of the 
British Empire, London, 1854, Vol. II., Chapter VIL 

'•' Report by Dr. Buchanan on the Results in England of Works and Regulations de- 
signed to promote the Public Health : Ninth Report of the Medical Officer of the 
Privy Council, London, 1807. 
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years luiviiio- elapsed since the completion of tlie improvements, the mor- 
taUty returns were compared with those relating to the years preceding. 
The following figures, borrowed from the much more extensive table con- 
tained in Dr. Buchanan's report, will suffice to give an idea of the nature 
and extent of the results found to have been accomplished : 



J. owns. 


Death-rate 

before 
Construction 
of Works. 


Death-rate 

after 
Construction 
of Works 


Reduction of 
Typhoid Fever, 
per cent. 


Reduction of 
Phthisis, 
per cent. 




23.4 


20.5 


48 


41 


Cardiff 


33.2 


22.6 


40 


17 




23.7 


18.6 


63 


17 




22.6 


20.9 


36 


20 


J^^iy 


23.9 


20.5 


56 


47 




26.4 


25.2- 


48 


32 




29.8 


23.7 


48 


31 




33.2 


26.2 


60 


11 




31.8 


21.6 


36 


32 


ljugby 


19.1 


18.6 


10 


43 




27.5 


21.9 


75 


49 




22.7 


21.0 


52 


19 



In these twelve towns the mean death-rate was lowered from 25.6 to 
21.7 per 1,000. The diseases in which the greatest reduction was effected 
were typhoid fever, phthisis, and diarrhoea. Of special influence exerted 
by sanitary works upon infants under one year of age, different from that 
exerted upon the total population, no evidence whatever was obtained. 

The results in regard to phthisis were such as to afford a remarkable 
confirmation of the etiological law discovered in this country by Dr. H. I. 
liowditch,' and first enunciated by him in 1862, in accordance with which 
dampness of soil is one of the chief causes of consumption. It was found 
by Dr. Buchanan that the dryness of soil, which had in most cases accom- 
panied the laying of main sewers in the improved towns, had led to the 
diminution, more or less considerable, of phthisis. 

In his comments upon Dr. Buchanan's remarkable report, Mr. Simon, 
after remarking upon the difficulties attending such an investigation, says: 



' The " Law of Soil Moisture," as laid do^^^l by Dr. H. I. Bowditch, was stated in 
the form of the following two propositions : (1) A residence on or near a damp soil, 
whether that dampness be inherent in the soil itself, or caused by percolation from 
adjacent ponds, rivers, meadows, marshes, or springy soils, is one of the primal causes 
of consumption in Massachusetts — probably in New England, and possibly in other 
portions of the globe. (2) Consumption can be checked in its career, and possibly — 
nay probably — prevented in some instances by attention to this law. See a paper on 
the Topographical Distribution and Local Origin of Consilmption in Massachusetts : 
Read before the j\Iassachusetts Medical Society, May 28, 1802, by Henry I. Bowditch. 
See also Public Hj'giene in America, H. I. Bowditch, Boston, 1877, p. 4o3. 
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" Meanwhile, however, the present records may fulfil very important pro- 
visional uses ; not only to confute persons who have despaired, or affected 
to despair, of any great preventability of disease; but still more to justify 
in the public eye, and to encourage in some of the noblest of human 
labors, those who for long weary years have been spending their powers 
in this endeavor, and to whom it will be the best of rewards to see dem- 
onstration of the good they have wrought," 

Longevity. 

The first method that usually suggests itself for determining the 
average duration of life in any community consists in calculating the 
mean age at death, or average age of decedents, which is obtained from 
the records of mortality, by adding together the ages of all that die, and 
dividing the sum total of years by the number of deaths. The mean age 
at death, which is so readily calculated from the ages and number of the 
dying alone, is, however, a very fallacious indication of longevity, for the 
reason that it is subject to very great variations dependent upon the 
varying proportions of young and old lives in the populations among 
which the deaths occur. Two populations undergoing precisely the same 
mortality, of which one is stationary, the yearly births and deaths being 
equal and the other increasing, the yearly births more or less exceeding 
the yearly deaths, will yield very different mean ages at death. By the 
life-table of England a million annual births imply a million annual deaths; 
half of the persons live forty-five years, which is the probable lifetime; 
the mean age at death is 41 years (40,85). In reality, however, the 
population of England is not stationary, but is constantly increasing. 
During the seventeen years, 1838-'54, in addition to the 380,631 births to 
balance the 380,631 deaths, 191,068, making 571,699 children in all, were 
born annually and thrown into the population. Consequently, the mean 
age of all who had died in the seventeen years was 29.4 instead of 40.9 — 
the reduction, 11,5 years, being the result of the introduction of an excess 
of young lives.' 

An unimpeachable indication of longevity is afforded by the expecta- 
tion of life, also called the mean lifetime, after lifetime, mean duration 
of life {vie moyenne of the French). This statistical expression is calcu- 
lated from the data relating to population and deaths which enter into 
the composition of life-tables. It is" obtained by adding together the 
number of years which the entire tabulated population live from any 
specified age, and dividing the resulting total " years of life " by the num- 
ber living at the year of age for which the expectation of life is desired.' 

The expectation of life, calculated for a series of ages, from birth up- 



' See the English Life-Table, London, 1864, pp. xxxv. , xxxvi. Also, Fifth Report 
of the Kegistrar-General, 1843, p. 39. 

- English Life-Table, p. xxxiii. ; Fifth Report of Registrar-General, p. 24 ; Ninth 
United States Census : Vital Statistics, p. xv. 
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ward, represents the portion of future life which an individual at anv 
age may reasonably expect to enjoy. Tables affording information of 
this character are, therefore, highly useful — in fact, indispensable, as guides, 
in all pecuniary transactions in which the value of life contingencies has 
to be taken into account, such as the insuring of lives and the sale of 
annuities. In the former class of operations, yearly premiums propor- 
tioned to the risks are paid by the insured person against a lump sum to 
be paid to his survivors by the office after his death; in the latter, a lump 
sum is paid at the outset by the annuitant, in return for which he receives 
yearly annuities so long as he lives. In both cases the chances of living 
are the basis upon which the terms of the bargain are established. 

Formerly the chances of living at any age were deduced from mor- 
tality tables, these being the only available sources of information. Now, 
however, insurance offices have accumulated records of their own experi- 
ence, from which trustworthy tables showing the expectation of life are 
constructed. These now serve as the basis for premiums. Such tables 
differ from ordinary tables in that they relate only to insured, and con- 
sequently "selected" lives, whereas the latter relate to the chances of 
life prevailing indiscriminately throughout an entire population. The 
figures expressing the expectation of life are therefore apt to be higher 
in tables based upon insurance experience, than in tables deduced from 
the general mortality of any community. We will now give a few exam- 
ples of tables derived from both of the sources alluded to. 

The following table shows the expectation of life prevailing in Eng- 
land and Wales, for both sexes, and for each sex. The expectations of 
life for both sexes, at the same ages, in Massachusetts and in Prussia, are 
also shown. 



EXPECTATION OF LIFE, ACCORDING TO LIFE-TABLES. 



Ages. 


England and Wales, 18o8-'o4. 
Farr. 


Massachusetts, 
part of, 1855. 
Elliott. ' 


Prussia, 1839-'41. 
Elliott. ' 


Ages. 




Males. 


Females. 


Persons. 


Persons. 


Persons. 




0 
10 
20 
30 
40 
50 
CO 
70 
80 
90 
95 


39.91 
47.05 
39.48 
32.70 
26.06 
19.71 
13.00 
7.55 
4.04 
2.20 
1.67 


41.85 
47.67 
40.29 
33.81 
27.34 
21.08 
13.91 
8.15 
4.37 
2.35 
1.76 


40.9 
47.4 
39.9 
33.3 
26.7 
20.1 
13.9 
8.7 
5.1 
2.9 
2.2 


39.8 
47.1 
39.9 
34.0 
27.9 
21.3 
15.0 
9.4 
5.0 
2.9 
2.3 


36.7 
44.8 
37.5 
30.6 
23.8 
17.1 
11.1 
7.4 
4.8 
3.0 


(t 
10 
20 
30 
40 
50 
60 
70 
80 
90 
95 



' From Ninth United States Census : Vital Statistics, p. xiii. 
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It would bo highly interesting to compare the expectation of English 
lives with that of American lives, but the elements of a satisfactory com- 
parison are lacking. For this reason the records of the experience of 
insurance companies in this country and in England are valuable sources 
of information. The following table shows the expectations of life at 
various ages, according to the experience of English life insurance con- 
ducted on a large scale through many years, and according to the expe- 
rience of one of the largest and oldest companies in the United States. 
A separate column shows the Irish experience recorded in England : 



EXPECTATION OP LIFE, ACCORDING TO EXPERIENCE OF LIFE INSUR- 
ANCE OFFICES. 



Ages. 


English companies. 


New York 
Mutual 




New- 
Actuaries'. ' 


Combined 
Experience.- 


Irish 
Experience. ^ 


Life Insurance 
Company.'' 
1843-'74. 


Ages. 


10 


50.29 


48.36 




52.03 


10 


20 


42.06 


41.49 


34.95 


44.99 


20 


30 


34.68 


34.43 


29.71 


37.59 


30 


40 


27.40 


27.28 


23.36 


29.93 


40 


50 


20.31 


20.18 


17.76 


22.23 


50 


60 


13.83 


13.77 


12.67 


14.96 


60 


70 


8.50 


8.54 


7.62 


8.80 


70 


80 


4.72 


4.78 


4.75 


4.39 


80 


90 


2.36 


2.11 




1.87 


90 


95 


93 


1.28 




1.19 


95 



The figures contrasted in this table show some remarkable results. We 
see therein, in the first place, that the expectation of life in the United 
States, among selected lives, is somewhat higher than in England under 
apparently similar conditions, and therefore appears to indicate lower 
rates of mortality among the American than among the English popula- 
tion.^ 



' The New Actuaries' Table, combining the experience of twenty English offices, was 
prepared by a committee of the English Institute of Actuaries, and published in 1869. 

- The "Combined Experience" Table, formed from the experience of seventeen 
English offices, by a committee of the English Institute of Actuaries, was published 
in 1843. 

" From "A Series of Tables of Annuities and Assurances," Jenkin Jones, actuary, 
London, 1843, Table VIII. 

Mortuary Experience of the Mutual Life Insurance Company of New York, from 
1843 to 1874, Vol. II., Table VII. 

* The actuary of the New York Mutual Life Company, Mr. W. H. C. Bartlett, re- 
marks in his report, that the facts in this table indicate that the risks of this com- 
pany have been carefully selected, and that the mortality of American lives, such as 
have been here insured, is lower than that in the English offices " (page 8). He adds : 
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The figures showing the expectation of hfe among Irish insured lives, 
on the other hand, indicate high rates of mortality. The actuary by 
whom they were tabulated says ' that " from the Irish experience it appears 
that, of that class of assurances, at some of the younger ages, the ex- 
pectation of life is as much as six yeai's less than that obtained from the 
combined English town and country experience." These results are in- 
teresting, when considered in connection with what is known respecting the 
mortality prevailing among the foreign-born inhabitants of this country. 

Morhility. 

The liability to sickness prevailing in any community cannot be accu- 
rately ascertained or stated, owing to the very uncertain and limited char- 
acter of the information on which our estimates must be based. No pre- 
cise line of demarcation exists by which health can always be distinguished 
from disease, these two conditions being connected by a series of intermedi- 
ate states, in which it is often impossible to determine where the one ceases 
and the other begins. Only certain kinds or degrees of sickness, severe 
euougli to involve confinement to bed or house, or to incapacitate from 
labor, can be recognized with sufficient distinctness to admit of being re- 
corded. The available data are therefore limited to the unequivocally dis- 
abling diseases. Moreover, such information as we possess in relation to 
this kind of sickness is derived from very limited sources. No complete and 
uniform system of registration of diseases has yet been devised by means 
of which the degree of prevalence of sickness can be determined; this 
l)ranch of registration has been useful only as a means of promptly notify- 
ing sanitary authorities of the existence of infectious or preventable dis- 
eases. The data upon which estimates of liability to sickness are based 
have been obtained mainly, in England, among great assemblages of men 
employed in organized labor on a large scale " (government workmen, large 



*' The result of these comparisons leaves little doubt that the experience of this com- 
pany has been more affected by selection than that of the English " (page 11). 

A reviewer in the London Lancet says : " The most noteworthy fact in connection 
with the mortality experience of this office is that its rates of mortality, at nearly 
every age, are considerably lower than those in the English life-table ; whereas, in most 
English offices, the experienced mortality exceeds the life-table rates. It has been 
sought to explain the high rate of mortality in English offices, by the assertion that 
among insured lives there is always a selection going on against the company, the effect 
of which is that all deteriorating lives remain, whereas the withdrawals consist entirely 
of the best lives. It is difficult to imagine why an American office should be free from 
the operation of this adverse selection, and therefore the low mortality experience of 
this Mutual Life office acquires additional interest, and appears to indicate a gener- 
ally lower rate of mortality among the American than among the English population. 
This seems more probable than that the difference is due to a more careful and ex- 
clusive selection among those offered for insurance in the New York Mutual office than 
prevails in the ma]orit3' of English offices. (Lancet, February 23, 1878, p. 381.) 

' Jenkin Jones, loco citato, p. xvi. 
See McCulloch's Account of the British Empire, London, 18"34, Vol. II., chapter 
vii. ; Vital Statistics, by Dr. Wm. Farr, pp. 570-59G. 
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manufacturing or industrial corporations, etc.), and among philanthropic 
or charitable associations,' having for their object to provide insurance 
against sickness (friendly societies, benefit societies, health insurance 
companies). From these sources records of disabling sickness are ob- 
tainable, from which approximative estimates can be made of the liability 
to sickness of this kind prevailing among individuals of the classes con- 
cerned, consisting of adult males of the laboring or poor classes. The 
statistical results arrived at in this way have always been too wanting in 
comprehensiveness and uniformity to admit of general application. 

A few examples of data, selected from the very copious sources of in- 
formation to which allusion has been made, will show the nature of the 
evidence upon which our knowledge of the amount of sickness prevailing 
is based. 

The following table ^ shows the time lost by sickness and by accidental 
injury among the laborers in Portsmouth and Woolwich dockyards : 





Mean num- 
ber of 
workmen. 


Days lost 


Days lost 

by 

accidents. 


Constantly 
sick, 
per cent. 


Constantly 
suffering 

from 
accidents, 
per cent. 


Constantly 

ill from 
both causes, 
per cent. 


Portsmouth . . 
Woolwich 


5,939 
2,243 


27,410 
10,593 


15,590 
8,594 


1.2G 

1.29 




0.73 
1.05 


1.99 
2.34 



The statistics collected in these dockyards (1830-1832) gave the fol- 
lowing results : in each year one man in six was seriously hurt ; two in 
five fell ill ; each man on an average had, every two years, an attack of 
illness, either sjDontaneous or traumatic in origin, lasting, on an average, 
fourteen days. Of all the laborers employed in the government dock- 
yards, two -per cent, were constantly kept at home by sickness or injury 
of some kind, spontaneous disease not dependent upon injury constituting 
nearly two-thirds of the entire causes of disability. 

The friendly or benefit societies undertake to insure members against 
sickness in consideration of periodical contributions to a common relief 
fund. The membership of these societies is limited to individuals of 
satisfactory health, habits, and morals. The diseases which entitle a 
member to relief from the fund, in return for his assessments, must be 
cases of " bedfast .sickness " sufficiently severe to last more than a week, 
incapacitating from labor, but not permanent or incurable. 

The mean proportions of such disabling sickness, occurring at differ- 



' See Contributions to Vital Statistics from Data supplied by Friendly Societies : 
F. G. P. Neison ; Journal of the Statistical Society, Vol. VIII., 1845, p. 290. See also 
Parliamentary Report on Sickness in the Friendly Societies, 1853. 

^ McCuUoch's Account of the British Empire, Vol. II., p. 573. 
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ent groups of ages, among members of English and Scotch friendly socie- 
ties, are given in the table ' below, together with corresponding figures 
relating to the East India Company's laborers. 



AVERAGE NUMBER CONSTANTLY SICK TO 100 LIVING AT EACH AGE. 



Ages. 


Friendly societies. 


East India 
Company's 
laborers. 


Scotland 
(Highland 
Society). 


England 
(AnseU). 


Scotland 
(Neison). 


England 
(Neison). 


20-30 


1.14 


1.54 


1.05 


1.69 


1.62 


30-40 


1.32 


1.83 


1.66 


1.91 


2.06 


40-50 


1.97 


2.56 


2.44 


2.89 


2.69 


50-GO 


3.60 


4.32 


5.17 


5.21 


6.58 



The results exhibited in this table, derived from different sources, show 
a remarkable uniformity, which testifies to the accuracy of the records 
upon which they are based. All conditions being equal, the liability to 
sickness, the morbility, seems to be as uniform as the mortality. The 
amount of sickness, measured by the proportion of sick -time to life-time, 
increases with age. Thus, the experience of the Iligliland Society showed 
that between the ages of 20 and 30 years, out of 100 units of life-time 
(days, weeks, or years) 1.14 units were lost by disabling sickness ; frorti 50 
to 60 the loss was 3.60 per cent.; from 60 to 70 it was 10.80; from 70 to 
90 it reached 31.70. In the English societies, the percentage of sick- 
time to life-time between the ages of 20 and 30 was 1.54; from 80 to 
90 it amounted to 40.0; and from 90 to 93, to 67.0, over two-thirds of the 
time at that age being occupied by disabling sickness. 

From such records of sick-time, obtained in England from the various 
sources above mentioned, it has been estimated that, in that country, 
to one annual death in a body of men, two men are on an average con- 
stantly suffering from sickness of some severity. To every death there 
are two years of severe illness. In the police and in some friendly socie- 
ties, the constantly sick to every death that occurs are 2.8; in the army 
at home the sick amount to 4.2, the difference being due to the prev- 
alence of venereal disease. Applying these ratios. Dr. Farr estimates the 
amount of sickness that prevailed in England in 1871 to have been as 
follows: "The deaths in England in the year 1871 were 514,879, implying 
1,029,758 persons constantly sick from diseases of some severity ; that is 
equal to a number sufficient to fill 10,298 hospitals, each containing 100 
beds always occupied. And it may be assumed that the numbers are 



' McCulloch's Account of the British Empire, London, 1854, Vol. II., p. 582. See 
also page 571. 
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sustained by an annual influx of 12,237,096 patients, ill a month on an 
average, of whom 11,842,217 recover, 514,879 die.'" 

By applying the results of English experience to the population of 
Massachusetts, Dr. Edward Jarvis '^ estimates that in that State, in 1870, 
there was among the people of the working productive ages alone a total 
loss of 24,553 years, caused by sickness or disability. 

The frequency of occurrence of certain diseases can be approximately 
estimated from the deaths which they occasion in a community.' If a dis- 
ease attacks people but once, and if the fatality attending its attacks has 
been determined by observation carried out on a sufficiently large scale, 
as in hospitals, then it is possible, from the registered deaths caused by 
that disease, to estimate roughly the number of cases that have probably 
occurred. Such is the case with several of the acute infectious diseases, 
which, as a rule, occur but once in a lifetime. Thus, with regard to scar- 
let fever, it was shown by the Registrar-General of England * that in 187G 
there were in London 2,297 deaths by that disease. The cases treated in 
the hospitals during the same year amounted to 1,355, among which the 
deaths were a little over 10 per cent. From these data, it was calculated 
that at least 22,885 cases of scarlet fever had occurred in London during 
the year. This estimate probably fell short of the real number of attacks, 
as it is suspected that the mortality of the disease is greater in hospital 
than it is out of hospital. Nearly 70 per cent, of the fatal cases occurred 
among children under five years of age, and it was, therefore, estimated 
that at least 15,000 out of the 453,171 children living at that age in Lon- 
don, or about one in 30, suffered from scarlet fever during the year. 
Similar calculations have been made with regard to other acute infectious 
diseases, such as small-pox, cholera, enteric fever, etc. 

The diseases of which the degree of prevalence can be roughly esti- 
mated by this method are not numerous. There are many diseases to the 
frequency of which the deaths give no clue, either because the diseases 
in question are rarely or never fatal (c. (/., nmmps, varicella, tonsillitis, 
gonorrhoea), or because they are liable to recur several times in the same 
individual [e. [/., rheumatic fever, intermittent fever, epilepsy, asthma). 
On the other hand, with regard to those diseases which invariably prove 
fatal (such as hydrophobia, cancer, phthisis), the deaths recorded imply 
necessarily an equal number of attacks. 

The foregoing statements show that the data at hand, from which the 
general prevalence of disease may be estimated or measured, are very in- 
complete. It is to be hoped that the plans of registration of diseases now 
under trial in several communities may soon afford moi'e comprehensive 
and accurate information than we at present possess. 



' Supplement to the Thirty-fifth Report of the Registrar-General, p. Ixxviii. 

* Paper on the Political Economy of Health : Fifth Report of the Massachusetts 
Board of Healtih, Boston, 1874, p. oA'). 

^ See the Supplement to the Thirty-fifth Report of the Registrar- General of Eng- 
land, 11. xxxvi. 

'The Lancet: February 17, 1877, p. 250. 
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No branch of sanitary science has proved so troublesome to deal with 
as that relating to food and its adulterations. Sumptuary legislation is 
always unpopular, and all legislators who have attempted to legislate upon 
this subject of food have found themselves compelled to legislate in such 
a manner that the execution of the laws interfered more or less Avith the 
great natural laws of supply and demand. For a large portion of the 
adulteration practised is but an attempt to supply the demand in seasons 
of scarcity, by the substitution of cheaper articles for the genuine high- 
priced and scarce article known to commerce. 

The statute-books of all nations abound in laws upon this subject, 
which are practically dead letters. 

This arises from two causes: the first is ignorant, indiscriminate legis- 
lation; a law which condemns equally flour or rape-seed and chromate of 
lead in mustard is soon looked upon with contempt. The second cause is 
too conservative or too definite legislation. There are many laws which 
condemn specifically certain adulterations. The adulterator carefully 
avoids these substances, and substitutes for them others, perhaps not less 
dangerous, and continues in his way. 

Another objection to this specific legislation is the fact that, when an 
adulteration is thoroughly exposed, it becomes practically dead, since, if 
it is known to the whole of the trade, it ceases to be profitable. For the 
adulterator's only hope of profit is in the secrecy with which he carries on 
his nefarious trade. So long as he keeps his invention concealed, it is 
profitable; as soon as it is discovered, competitors step in, adopt the same 
expedient, and soon there is no more profit on the sophisticated article 
than on the genuine. 

But all prohibitory legislation necessarily follows the act which it is 
intended to prevent, and therefore specific laws against any" particular 
adulteration have but little force, since they come too late to be of any 
benefit; by the time the law is upon the statute-book the old adultera- 
tion has been forgotten, and a new one has taken its place; or, since 
legislators are proverbially kind to the erring, some convenient loop-hole, 
such as the " prejudice to buyer " section of the English law, is left in the 
law through which the offender may escape, and by the time this is 
mended another one is discovered. 
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England has legislated more on this subject, during the past hundred 
years, than any other country, and a careful examination of her laws will 
serve fully to illustrate what I have said. 

A law upon this subject must be simple, easily understood, and general 
In its application, and it should not attempt to control all commercial 
frauds, but only such as are directly detrimental to health. 

Under the action of laws of this kind, there has gradually grown up 
a class of experts, who have made a special study of this subject, and 
there are many valuable monographs upon special branches of adultera- 
tion, and a few general works upon the subject. 

A general account of the apparatus and appliances that have been 
found useful in this branch of research will be given, and afterward some 
of the adulterations of the more common articles of food, with the methods 
for detecting the same, will be described. 

Knoidedge required. — The food analyst, who must be a chemist, should 
be furnished with a well-fitted laboratory, since he will find it necessary to 
call to his aid a thorough knowledge of chemistry, and he must be a man of 
good judgment, who is not easily led astray by public clamor, since, by mak- 
ing a few blunders, he may do a great amount of harm to the honest dealer 
without benefiting the public. Besides being a chemist, he must be well 
acquainted with the practical use of the microscope, since much of his 
work has to be done with this instrument. 

A2:>paratu8 required. — The following list of apparatus is almost indis- 
pensable. The outfit, at present prices, will cost from six to seven hun- 
dred dollars, if bought in this country. From one-quarter to one-third of 
the price may be saved by importing directly from England or Germany. 

Microscope. — A good instrument provided with two eye-pieces and 
two objectives (a one-inch and a quarter-inch). These will give a range 
of magnifying power of from 50 to 300 diameters, which will be found to 
be sufficient for all ordinary requirements. The instrument should have 
the " society screw " for the objectives, so that no trouble will be found 
at any time in increasing their number. 

It should also be furnished with a polarizer. The ordinary second- 
class objectives of the best makers will be found to be good enough for 
most purposes. As a rule, they are better at present than the best that 
could be obtained twenty years ago. 

The ordinary student's stand is all that is needed. The instrument 
complete may be bought for about eighty or ninety dollars. 

Balance. — This should be capable of carrying 300 grms. in each 
pan, and show with this weight a variation of half a milligrm. or less. 
Such a balance and weights will cost about one hundred dollars. 

In addition to this balance, a prescription balance, with the beaiii 
under the pans, will be found very convenient. Such a balance costs 
about twenty dollars. 

Platinum. — Four platinum dishes. These should be 6 ctm. in diam- 
eter and 15 mm. deep, and should weigh about 20 grms. each. They must 
have flat bottoms. 
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One platinum crucible, 4 ctm. deep and 25 mm. wide at top, with a lid 
in the form of a capsule. 

One platinum dish holding about 120 c.c. of water. This should weigh 
about 50 grms. This is also best made Avith a bottom almost perfectly 
flat. Flat-bottomed dishes have a great advantage over the hemispheri- 
cal in rapid evaporation. With two dishes of equal diameter at the top, 
one being hemispherical and the other flat, 5 c.c. of milk will evaporate to 
dryness in about half the time in the flat dish that it takes in the hemi- 
spherical dish, and the after-manipulation is made more convenient. 

The small dishes will be found much more convenient than crucibles 
for the ignition of organic substances. 

It is well to have a flat piece of platinum about seven ctm. in diam- 
eter to serve as a cover for these dishes wlien they are used to ignite 
substances that are liable to decrepitate when heated. When the decrepi- 
tation has ceased, the lid is removed, and, after igniting over a burner, 
the adhering ash is added to the contents of the dish. 

Porcelain crucibles. — A dozen each of Nos. 0 and 1 will be found 
useful. 

Porcelain dishes. — Two or three nests of half a dozen each, capable of 
holding from half a litre down. These are also best of the flat form. 

Beakers. — It is difficult to get too many of these. Half a dozen nests 
of Griffin's make, of the wide form with lips, will not be found too many. 

Watch-glasses. — A dozen three-inch and a dozen four-inch watch- 
glasses, to be used as covers for beakers and for evaporating small quan- 
tities of liquid, and for making preliminary observations in general. 

Test-tubes. — A dozen each of three different lengths (4, 5, and G in.). 

Gas-lam2ys. — One blast lamp and bellows for intense heat. The form 
made by the Buffalo (N. Y.) Dental Manufacturing Co. is the most con- 
venient I have met with. 

Two or three ordinary Bunsen burners, and at least two gas-lamps (the 
flat form, made by Burnham, corner Tenth and Sansom Streets, Philadel- 
phia), are extremely convenient. 

A small muffle-furnace. — The gas muffle-furnace, known as Griffin's 
miniature, will be found to be a great convenience. The muffle in this 
can be maintained for hours at a bright red heat, without any attention, 
with the consumption of about twenty feet of gas per hour. Cream of 
tartar, bread and similar substances are readily burned in this, without loss, 
to a white ash. The heat can be so nicely regulated as to leave the ash 
nnmelted and of tlie form of the article burned. This furnace costs, all 
complete, about twenty dollars. 

Water-bath. — The ordinary water-baths sold by dealers will be found 
to be of but little use, as they require constant attention, and hold but one 
dish at a time. 

A much more convenient form is one made of a copper dish, which is 
nearl}"" hemispherical, and measures about 35 ctm. in diameter. This 
is provided with a cover, and with three legs of such a length that a Bun- 
sen burner stands under it to good advantage. 
Vol. II.— 33 
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The cover is pierced with live holes — a small one in the centre and four 
around it — the outer ones being- made as large as they conveniently can 
be. The centre hole, which should be of such a size as to support the 
platinum crucible, is provided with a copper cover; the outer ones are 
provided with the ordinary water-bath rings, a single ring being provided 
for each hole. The opening in these rings is of such a size that the 
small platinum dishes are just supported. The rings are also provided 
Avith covers, so that one or all of the holes can be used, as may be found 
necessary. 

Air-bath. — This is best made of tin, with double sides and a heavy iron 
bottom. The common tin ovens sold with gas-stoves answer very well 
when slightly modified. The one which I have used for years has double 
sides and top, the bottom being made of an iron plate, which is heated by 
a single Bunsen burner. It is provided with a Bunsen gas-regulator, and 
a temperature of 100° C. can be maintained for hours with but little vari- 
ation. 

Pipettes. — The set should comprise five : one of a capacity of 100 
c.c, one of 50 c.c, one of 25 c.c, one of 10 c.c, and one of 5 c.c; also 
one graduated the same as a burette, with a capacity of from 0 to 10 c.c. 
by tenths. 

Barettes. — Two holding 100 c.c. each, and one 50 c.c, with glass 
stop-cock. 

Flasks. — Two or three of 100 c.c, one or two of 500 c.c, and one of 
1,000 c.c These should be graduated with a ring around the neck. 

Measuring jars. — Half a dozen jars about 35 ctm, high, graduated 
into 100 c.c These will be found useful as creamometers and also in am- 
monia tests. 

A lamp stand, half a dozen 3-inch funnels, a supply of filter paper, 
and a stock of sample bottles, will about finish the supply of apparatus. 

Reagents. — The ordinary reagents, mentioned in the text-books on 
qualitative and quantitative analysis, will be found to be full enough for 
any case that is likely to arise. 

Obtaining samples. — This is frequently a matter of difficulty, since 
the courts are apt to look with disfavor on the purchase of samples for 
the purpose of testing their purity with a view to criminal prosecutions, 
very many of which, in cases of this nature, have arisen more out of 
malice or mistaken zeal on the part of the complainants than from any 
desire to benefit the public. If possible, it is best to have the samples 
come through a third party, who can show that he was injured in some 
way by their sale. In the case of milk, some of the States have prescribed 
methods of procedure, and appointed officers whose duty it is to inspect 
the milk and listen to complaints. It is very difficult, however, to get 
any one to come forward and institute a complaint against a dealer. 
This arises partly from the fact that a large portion of the community is 
under obligations to the store-keepers, and is thus in their power, and 
partly from the dislike to injure a neighbor. If, however, complaint has 
been made to the proper officer, that a certain party is selling an adulter- 
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ated article, there is then no objection to the purchase of a sufficient 
quantity of the suspected article for purposes of analysis. This sample, 
however, should be obtained in such a manner as will fix the fact in the 
mind of the seller. It is generally sufficient to ask that a bill be given of 
the same. This serves two purposes : it establishes the fact of the sale, 
and — so far as it is designated — the character of the article sold. In a 
recent case of the sale of adulterated olive-oil, it was claimed that the 
article was not sold as pure olive-oil; but the bill of sale Avas produced in 
court, and, as it called for " olive-oil," the judge very properly ruled that 
olive-oil meant olive-oil, and not a mixture of cotton-seed and olive-oil. 

Treattnent of sample. — After the sample has been received, if the 
article is of such a nature that it can be preserved, it should be divided 
into two portions; one of these should be placed in a glass bottle and 
sealed, in order that it may be shown in court if the case happens to come 
up. The other portion is for use in the analysis. If the analyst is not 
perfectly familiar with the article in question, he should procure several 
samples known to be genuine, and compare these at every step of the 
analysis with the suspected article. He should also consult whatever 
books he can obtain in regard to the article in question, bearing in mind, 
however, that books cannot be used in court, except on cross-examination, 
and that one case cited from personal experience is worth twenty from 
the books. 

Interpretation of results of anali/sis. — This is often extremely difficult, 
and requires not only a full knowledge of the value of the determinations 
made, but also of the state of the market, the processes used in the manu- 
facture of the article in question, and a careful discrimination between 
accidental impurities and foreign substances that cannot be accounted for 
in any manner except that they must have been intentionally added. 

It is well also for the analyst to inquire whether the adulteration is 
injurious to health, for the addition to food of an article injurious to 
health is a much graver offence than the ordinary fraudiilent adultera- 
tions, such as are commonly found in commerce. 

Above all, the analyst should never allow his zeal to run away with 
his discretion. His position is a responsible one, and it is his duty to 
avoid giving needless alarm, and he should, above all things, be careful not 
to proceed in a case until his evidence is very strong-^ for one case lost by 
careless management will do him and the cause more harm than ten cases 
gained will benefit them. 

Classijication of adulterations. — Adulterations of food may conveni- 
ently be divided into three classes : deleterious, fraudulent, and acci- 
dental. 

Deleterious adulterations are such as are directly injurious to health. 
Examples : copper in pickles, red lead in Cayenne pepper, arsenical 
colors in candy, and water in milk — the latter by diminishing the food 
value of the milk, and so starving the children who are fed upon it. In 
this class must also be placed all sophistications of drugs and medicines, 
since the physician depends greatly upon the purity of these in regulat- 
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iiig the size of the dose : if of inferior strength, they do not produce the 
desired effect, and thus become negatively injurious. 

It is witli this class of adulterations that the health officer is particu- 
larly concerned, and in endeavoring to frame laws against adulteration, 
particular attention should be directed to this division in order that it 
may be comprehensively defined. A case was recently lost in Massa- 
chusetts because it could not be proved that candy was an article of food 
in the ordinary acceptation of the term, and, although it was shown that 
it contained chromate of lead, the defendant was allowed to escape. 

Much trouble in securing convictions for adulteration has arisen from 
the confusion existing in regard to the nature of the adulteration prac- 
tised; many persons putting all adidterations without exception into this 
class. When asked in court to show how the adulteration was injurious 
to health, they have been unable to prove such injury, and the case has 
been lost. 

Fraudulent adulterations. — These are such as are in no way injurious 
to health, but which are a fraud upon the pocket. These adulterations 
are by far the most common. Many of them have been sanctioned by 
long usage, and it is generally plead in extenuation of the Avhole class that 
no one is harmed by them, since the buyer, as a general rule, knows what 
he is getting. To this class belong such articles as package-coffee, which 
is generally a compound which contains no coffee ; salad-oil, which is fre- 
quently free from olive-oil, consisting mainly of cotton-seed oil ; mustard 
diluted Avith flour and colored with turmeric ; the mixture of inferior 
grades of goods with higher grades of the same material, the mixture be- 
ing represented as pure and of full strength ; the mixture of corn-syrup 
or glucose with cane-syrup, the mixture being sold as pure cane-syrup ; 
the sale of oleomargarine or suet butter as genuine butter ; and the adul- 
teration of spices with ship-bread. 

These were all frauds in their inception, but, sanctionea by usage, thev 
have become difficult to deal with. The health officer may and should 
expose them so far as he can, but he will find that he can do but little 
with them in the courts, the law holding that when the nature of the 
article is well known to both buyer and seller no fraud is committed. 

The third class of adulterations consists of such substances as are ac- 
cidently present in articles of food, ^. e., which have not been intentionally 
added, but are either present because natural to the article or because 
they have become incorporated in it during the process of manufacture. 

This class of substances frequently causes considerable trouble to the 
health officer, and their presence requires him to possess a thorough 
knowledge of the process of production of the article in order that he 
may decide whether they have been intentionally added or are merely 
present through carelessness, or as a necessary consequence of some manip- 
ulation through Avhich the article has passed in preparing it for use, 

Tn case these accidental impurities are of such a nature as to be in- 
jurious to health, the article should at once be condemned, and means taken 
to prevent its doing any harm; though in this case it would hardly be just 
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to hold the vendor liable to a further degree than is involved in the loss 
of his property. To this class belongs the grit occasionally found in flour 
ground with recently dressed mill-stones; fragments of lead are also occa- 
sionally found in flour from the lead used in repairing the mill-stones. In 
the same category may be placed the sand found in raw sugars and the 
dirt and sand occasionally found in milk. A case recently occurred in 
this vicinity in which the cows had been bedded with dry sand. During 
the milkuig some of the sand dropped into the milk, and occasioned con- 
siderable annoyance, as it was found almost impossible to strain it out, 
and the milkman's business suffered in consequence. 

Of the same nature is the dust found in the so-called overland teas. 
This dust arises from the constant jarring to which the tea is subjected 
during its long railway ride from San Francisco to the eastern ports. The 
tea is pure, but the presence of the dust has more than once served to 
condemn a fair quality of tea. 

Another instance of the same kind was recently observed. In exam- 
ining a number of samples of Cayenne pepper, the ash was found to be 
red, and one or two per cent, too high; and it was suspected that the 
pepper was colored with oxide of iron. On examination, however, it was 
found that the unground pods in some cases gave the same color and 
amount of ash, and that the oxide of iron was probably derived from ad- 
hering dirt of a ferruginous character. A small amount of tartrate of 
calcium in cream of tartar is another instance of the same kind. 

Hassall, in his work on adulterations of food, gives a long* list of arti- 
cles found by himself and others in food. Some of these are hardly likely 
to occur at the present time; others seem to have been copied from one 
book to another, without comment or inquiry as to the probability of 
their occurrence. A table similar to this, but with the classification modi- 
fied as above, is given below. 



ARTICLES LIABLE TO BE ADULTERATED. 



Articles. 


i 

Deleterions adultera- Fraudulent adulteration, 
tion. j 


Accidental adulter- 
ation. 


Butter 

Canned vegeta- 
bles and meat. 


Alum, sulphate of 
copper. 

Salts of copper, 
lead. 

Salts of mercury 
in the rind. 


Other starches which are substi- 
tuted, in whole or in part, for 
the genuine article. 

Water, burnt sugar. 

Flours other than wheat, inferior 
flour, potatoes. 

Water, other fats, excess of salts, 
starch. 

Excess of water 

Oleomargarine. 


Ashes from 
oven, grit 
from mill- 
stones. 

Curd. 

Meat damaged 
in the process 
of canning. 
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ARTICLES LIABLE TO BE ADULTERATED {Continued). 



Deleterious adultera- 
tion. 



Fraudulent adulteration. 



Accidental adulter- 
ation. 



Candy and 
Confectionery. 



CoflEee . 



Cocoa and 
Chocolate. 



Poisonous colors, 
artificial essen- 
ces. 



Grape-sugar. 



Flour. 



Cayenne pep- 
per. 

Flour j Alum 

Ginger j 



Oxide of Iron and 
other coloring 
matters. 
Red lead 



Gin I Alum salt, spirits 

of turpentine. 

Honey, 



Isinglass 
Lard.. . . 
Mustard. 



Milk. . 
Meat. 



Horse-radish. . 
Fruit jellies, . 



Caustic lime, alum 

Chromate of lead, 
sulphate of lime. 

Water 

Infested with para- 
sites. 

Aniline colors, ar- 
tificial essences. 



Chiccory, peas, rye. beans, 
acorns, chefus-nuts, almond 
or other nut - shells, burnt ! 
sugar, lower-grade coffees. i 

Animal fats, starch, flour, and j 
sugar. 



Ground rice, flovir, salt and ship- ! Oxide of iron. 

bread, indian-meal. I 

Ground rice ! Grit and sand. 

Turmeric, Cayenne pepper, mus- j 

tard, inferior varieties of gin- i 

ger. i 
Water, sugar. 



Glucose, cane-sugar. 



Oatmeal 
Pickles. . 



Preserves. 
Pepper. , . 



Salts of copper, al- 
um. 

Aniline colors . . . . 



Gelatine. 

Starch, stearine, salt. 

Yellow lakes, flour, turmeric, 

Cayenne pepper. 
Burnt sugar, annotto 



Turnip. 

Gelatine, apple jelly. 



Pollen of vari- 
ous plants, in- 
sects. 



Sand, dirt. 
Tainted. 



Old and wormy. 



Sago ! 

Rum Cayenne pepper, 

artificial essences. I 

Sugar ; Salts of tin and Rice-flour 

lead, gypsum. 



Apples, pumpkins, molasses. 
Flour, ship-bread, mustard, lin- ! Sand. 

seed-meal. 
Potato-starch. | 
Water Burnt sugar. 



Spices. . . . 
(loves. , . . 
Cinnamon. 
Pimento . . 
Tea 



Vinegar Sulphuric, hydro- 

chloric, and py- 

I roligneous acids. 
Wiae ; Anilme colors, 

I crude brandy 



Flour, starches. 
Arrowroot. 
Spent bark. 
Ship-bread. 

Foreign leaves, spent tea, plum- 
bago, gum, indigo, Prussian 
blue. China clay, soap-stone, 
gyiisuna. 

Burnt sugar, water. 



Water. 



Sand and dirt, 
insects dead 
and alive. 



Ferruginous 
earth. 



Sulphate of 
potassa. 
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The above list is a formidable one; but, fortunately, the majority of 
articles sold in our markets are not adulterated with any injurious sub- 
stances, and, in giving this list, it is not to be understood that these 
adulterations are frequent or even common. Many of them have, how- 
ever, been met with recently, and the health officer Avould do well to be 
on his guard against the entire list. 

Methods of Detecting Adulterations in S2)ecial Cases. 

Arrowroot. — The only substances which are likely to be added to this 
as adulterations are " terra alba," which may be gypsum or China clay, 
and other starches. 

The former may bo detected by igniting five grammes of the suspected 
arrowroot, and weighing the residue. In a pure sample this should not 
exceed two or three parts in one thousand; if the residue is much larger 
than this, the arrowroot should be examined by the usual tests for gyp- 
sum and silicate of alumina. Arrowroot should not contain an excess of 
moisture. Other starches are detected by the microscope, a pure arrow- 
root being used for comparison. The most common adulterant is potato- 
starch. 

Mrandy. — This, when genuine, is the alcohol distilled from wine. As 
sold, however, it is rarely genuine. When made from the grape, it is 
made from the fermented husks, or marc, left after the wine is pressed 
out. A large portion of that in the market is made from so-called neutral 
spirits, which are merely alcohol which has been rectified by passing over 
wood charcoal. These neutral sijirits are colored with burnt sugar, or 
"French color," and flavored with oil of cognac; a little catechu is then 
added, so as to imitate the taste of the wood, and, finally, a little simple 
syrup, so as to take off the rough edge and impart a smooth taste. In 
this country the spirit used is generally free from any objectionable ingre- 
dients. The foreign article, made from potato- whiskey, is more objection- 
able. No proof has been advanced, however, that these imitation brandies 
are any more deleterious than the genuine article. The adulterations are 
so close imitations of the extracts found in the true article, that it is ex- 
tremely difficult to detect them, and all that can be done is to see that the 
article is free from excess of fusel-oil. The most ready test for this is the 
simple expedient of rubbing a little on the hand and observing whether 
any odor remains after the main part of the alcohol has evaporated. 
Good brandy should eva})orate completely and leave no disagreeable odor 
on the hand. 

Hread. — The chief troubles that are met with in regard to bread are, 
first, light v^eif/Jit. Following the English law, many of the States have 
decreed that the loaf of bread shall weigh a certain number of ounces; 
this is generally thirty-two. As a matter of fact, it is rarely found that 
bread holds out in weight. Some samples weighed in Boston, a few years 
ago, varied from 19 to 30 ounces. The price varied inversely as the 
weight, the 30-ounce loaf being sold for 8 cents, and the 19-ounce for 10 
cents. 
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The bread sold in the poorer class of shops is apt to be dark in color, 
sour, and consequently heavy. 

The common adulteration is by means of potatoes. When flour is 
high, and potatoes low, the bakers use potato-yeast to a considerable ex- 
tent. There is nothing injurious in this use of potatoes, except that the 
bread is thus enabled to hold more moisture, and the consumer buys a 
little more water. 

The controversy on the use of alum in bread is very old, and still con- 
tinues in England. If alum is used in this country, it must be but spar- 
ingly. Research recently undertaken to find this ingredient was unsuc- 
cessful, though some of the bread would have been much improved by its 
use. The method of procedure for its detection, which has been found 
to be the best, is the following: Burn 100 grms. of the bread to ash. 
If this is done in a muffle, the ash may be reduced to whiteness; if over 
a lamp, some of the carbon will remain uiiconsumed. Treat this ash, 
which may vary from one-half to one and a half per cent., with strong 
hydrochloric acid; evaporate to dryness, to remove any silica that may be 
present; add a drop or two of strong hydrochloric acid and some boiling 
water; then filter; add to the filtrate a few drops of phosphate of soda, then 
ammonia in excess. The precipitate, which always forms, consists of 
phosphates of lime, magnesia, iron, and alumina. The two last are in- 
soluble in boiling acetic acid. An excess of acetic acid should therefore 
be added, the liquid brought to a boil, and then filtered; the precipitate 
should then be ignited and weighed. Bread free from alum gives a pre- 
cipitate of from ,005 to .013 per cent. The larger amount is therefore to 
be subtracted from the amount of phosphates found, and the remainder 
multiplied by 3.733 gives the per cent, of ammonia alum in the bread; or, 
if potash-alum was used, then the factor should be 4.481. 

Example: A certain bread gave .120 per cent, of phosphate of alu- 
mina. 

.120 — ,013 = .107 per cent, of phosphate of alumina. 

.107 X 3,733 ■=■ .399 per cent, of alum used, or a two-pound loaf would 
contain 54.86 grains of alum. 

Some of the fancy crackers and ginger-snaps found in the market are 
said to contain considerable quantities of alum. 

If the ash of bread or crackers rises above two per cent., it should be 
examined for mineral impurities. 

liutter. — In this country this article has until recently been free from 
any adulterations, though occasionally a sample is met with containing 
starch. The commonest impurity is an excess of water. Good butter, 
when freshly cut, should not show any cavities containing discolored 
water. Curd or hutter-milk may form one of the impurities of butter. 
This arises from imperfect working, and may be detected by examination 
with the microscope, or by melting the butter in a test-tube over a little 
water, when the milk and curd will separate from the fat and form a layer 
between the water and the fat. The amount of water may be determined 
by drying about three or four grammes of the butter over the water-bath 
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for some hours. The amount of curd may be ascertained by dissolving' 
out the fat with ether and weighing the residue on a dried filter. This 
is ignited, and the amount of ash determined and subtracted from the 
total weight of residue from ether. * This gives the amount of curd. 

The amount of water in good butter should not exceed 12 per cent., 
the amount of salt 6 per cent,, and the amount of curd 1 or 2 per cent. 
The residue from ether, if large, should be examined with the microscope 
for starch. 

The presence of fats other than butter-fat is sometimes suspected, but 
no very satisfactory tests have yet been found for the same. Most of the 
tests given in the books proceed on the assumption that some special fat 
is used. The closest imitation to butter yet made is undoubtedly the 
oleomargarine of M. Mege. This, when properly made, agrees with butter 
in its melting point. It is a little deficient in flavor, but not enough so 
to cause any remark. If carelessly made, it may contain traces of mem- 
brane, and may also show crystals of the stearates. But common butter 
frequently does the same. The most satisfactory test proposed so far is 
the determination of the amount of volatile acids contained in the butter- 
fat. For this purpose three grammes of the pure fat are saponified with 
a concentrated solution of potash. A clear soap is obtained in this way, 
which is decomposed with dilute hydrochloric acid ; the temperature 
is raised above the fusing points of the acids ; they are then thrown on 
a wet filter, washed with boiling water, and dried at 100° C. Butter gives 
about 88 per cent, of insoluble fatty acids, while other fats give about 
1)5.5 per cent. Care must be taken, in Avashing the fatty acids, that it is 
done thoroughly, or else the results will lead to erroneous conclusions. 
Copper is occasionally present in samples of high-colored butter. It 
comes from the annotto whicli is used to color the butter, the aunotto of 
commerce being frequently adulterated with sulphate of copper. 

Canned vegetables and meats. — Frequent cases have been reported of 
late years of sickness arising from the use of canned meats. The cause 
seems mainly to have been improper methods of canning, or the use of 
meat that was tainted before being canned. Unfortunately we can do 
nothing in such cases by an inspection of the meat, for it generally ap- 
pears to be all right. 

In buying meats and vegetables — if care is taken in their selection, all 
cans being avoided which are not concave in the heads, — but little risk is 
rvni. 

An examination of tlie outside of the can is the only guide we can 
have in this class of articles. The heads should be slightly concave. 
This shows that they were hot when sealed. If the heads are convex, it 
shows that decomposition has commenced in the can. 

Sometimes, through careless soldering or the use of terne plate in mak- 
ing the cans, the articles preserved become contaminated with lead. As 
this, at the most, only exists in very small quantities, its detection is often 
u matter of difficulty. The best method of proceeding is to destroy the 
organic matter either with aqua regia or chlorhydric acid and chlorate 
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of potassium ; tlien pass hydrogen sulphide through the dilute solu- 
tion, filter and examine the precipitate in the usual manner for tin and 
lead. 

Copper is also occasionally found in these goods ; it comes from the- 
copper vessels used in their preparation. This may be detected by the 
same means that are used in the detection of lead and tin. Copper is to 
be particularly looked for in canned vegetables and pickles, which were 
formerly very generally colored with salts of this metal. Another fraud 
practised in these goods is dilution with water or with syrup, the can hav- 
ing comparatively little solid matter in it. There has also been frequent 
complaint of light weight and small-sized cans. 

Cheese. — Cases frequently occur in which cheese has undergone a pecu- 
liar fermentation, which renders it poisonous. Whole families have been 
seized with violent pains and vomiting after eating such cheese. This 
peculiar condition seems, however, to be of rare occurrence. 

The rind of cheese is frequently washed with arsenical or mercurial 
washes to protect it from flies and other msects. It should therefore be 
examined separately from the rest of the cheese. 

All cheese is artificially colored. This is generally done with annotto, 
and can hardly be called an adulteration. 

Recently in this country " oleomargarine " is said to be substituted, to 
some extent, for the butter-fat which should be present. The method of 
working is to allow the milk to stand for twelve hours, and skim off the 
cream which is used in making butter. An equivalent portion of "oleo- 
margarine," or of pure tasteless tallow-oil, is then added, and the cheese- 
making proceeded with in the usual way. The detection of this fraud is 
extremely difficult, if not impossible. 

The analysis of cheese is made by taking two or three grammes cut 
into thin slices, drying it on the water-bath until it ceases to lose weight, 
then boiling it with benzine until the fat is extracted, and weighing the 
residue. The residue is ignited and the ash determined. 

The composition of good American cheese, according to Blyth, is 
about as follows : 



Water 22.59 to 31.80, 

Fat 35.41 to 28.70. 

Caseine 37.20 to 36.00. 

Ash 4.80 to 3.50. 



Skimmed-milk cheese will show much less fat and a larger proportion of 
caseine. Sage cheese is colored with chloi'ophyl and flavored with sage. 
It is customary to color only a portion of the curd, and then to mix this 
through the mass so as to give it a handsome mottled appearance. This 
cannot be regarded as an adulteration, as it comes under the head of 
those harmless operations which are done to please the eye or suit the 
taste of the consumer. 
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Candy and confectionery. — No article of food is so liable to be inju- 
riously adulterated as candy and all kinds of confectionery. Even the 
perfectly white candy, which is free from injurious coloring matters, is 
frequently flavored with fusel-oil (essence of banana), oil of bitter almonds, 
or essence de mirabane (nitro-benzole), prussic acid in various forms known 
as almond flavor, and various other essences and extracts which are poi- 
sonous in their nature, and which are used in large excess by the makers 
in order to give a strong flavor to the article. Various coloring matters 
of a poisonous nature are used in the colored candies frequently to be 
found in the shops. A long list of such articles may be found in Hassall's 
treatise on Foods, or in an article published in the proceedings of the 
American Pharmaceutical Association for 1878. The vegetable colors 
can frequently be identified by dyeing pieces of mordanted cloth with 
them in a bath slightly acidulated with acetic acid. The aniline colors 
are easily identified by dyeing unmordanted wool in a neutral or slightly 
acid bath. Mineral colors must be sought for by the usual methods of 
qualitative analysis. For identification of coloring matters, Bolley's 
Manual may be studied with advantage. 

Glucose is probably present to a greater or less extent in most candy, 
but frequently the candy is almost entirely composed of it. Such candy 
should be examined for free sulphuric acid and for excess of lime or sul- 
phate of lime, since the glucoses of the market generally contain an excess 
of these bodies. The glucose itself is harmless; it is only its impurities 
that are to be feared. " Terra alba," which may be either gypsum or 
China clay, is frequently found in certain kinds of cheap candy, such as 
conversation lozenges. They are to be sought for in such candies as have 
a very Avhite opaque appearance. Flour is sometimes classed as an adul- 
terant. It is very apt to be present, as it is used for various purposes in 
the manufacture of candy. It is harmless, and less injurious than the 
real article. Its use, even in excessive quantities, can only be condemned 
on the ground that it is a fraud, so far as it is used to make weight. The 
frosting on cakes, being of the same nature as confectionery, is subject 
to the same adulterations and frauds. 

Very frequently papers colored with Paris green, or with the aceto- 
arsenite of copper, have been used as a covering for rolls of lozenges, and 
such papers are almost universally used to make the ornamental leaves 
with which cakes are ornamented. Such a practice cannot be too strongly 
condemned. 

Coffee. — This article is rarely, if ever, injuriously adulterated. The 
fraudulent adulterations, however, are numerous. The sophistications 
commence with the whole berry, which is polished and variously manipu- 
lated, so as to deceive the consumer as to quality. The berry itself has 
been imitated, according to some writers, though this story seems about 
on a par with wooden hams and nutmegs. It is sometimes weighted with 
water after roasting, by subjecting it to a current of steam while still 
warm. 
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It may be safely said that scarcely a brand of the so-called package- 
coffees contains any coffee. 

Essence of coffee consists mainly of burnt molasses. Package-coffees 
are largely composed of peas, chiccory, and rye roasted and ground. A 
small nut, called chefus-nut, is occasionally found in the market, and is 
used for the same purpose. Almond-shells, treated with molasses and 
then roasted, make a fair imitation. 

The best method of detecting these various articles is to become 
thoroughly familiar with the appearance of ground coffee under the micro- 
scope, low powers being used, such as two- and three- inch objectives, and 
then to compare the suspected articles with the genuine. 

Th rowing the suspected sample on cold water and stirring it around 
so as to wet each particle, will frequently serve to separate the adultera- 
tion. Pure coffee swims much longer than any of the ordinary adultera- 
tions, and it colors the water but slowly. Chiccory sinks and colors the 
water rapidly ; peas sink and only color it slightly ; rye colors rather 
more than coffee, and sinks rather more quickly. Chiccory is used very 
largely by hotels and restaui:ants to give the dark color to the infusion, 
which is thought by many to be an indication of strength. The grains of 
ground coffee are hard and crumble between the teeth ; ground chiccory 
is softer and does not crumble. Peas and rye are easily recognized by 
the naked eye from the shape of the fragments. 

Cocoa and chocolate. chief adulterants in these are fats other 
than those of the cocoa nib. Flour is also used as an adulterant, and 
oxide of iron as a coloring agent when excess of flour is used. Sugar, 
starch, and flavoring matters are legitimate in chocolate, since it is a 
manufactured article, and understood to be such. The oxide of iron can 
be readily detected in the ash ; the flour or starch, by dissolving in water 
and examining the residue under the microscope. The foreign fats may 
be detected by extracting the fat with benzine and determining its melt- 
ing point, which is about 35° C, while that of tallow is about eight or 
ten degrees higher. If, after separation of the fat, it is exposed to the 
air, it will remain sweet, if pure, but will soon become rancid if it has been 
adulterated with animal fats. 

Flour. — This is extensively sophisticated in England and Europe, but 
seems in this country to be generally pure and of fair quality. The most 
trouble met with is from flours made of damaged wheat. These flours 
make. dark-colored heavy bread, since they are generally deficient in glu- 
ten. Occasionally a sample of flour is met with which has been adulter- 
ated with rice or Indian-meal, but these are not at all common. Both of 
these adulterations can be readily detected by careful washing with water; 
the rice and corn flours, being heavier, sink to the bottom, when the flour 
and water may be poured off and the residue be examined by the micro- 
scope. 

Ginger. — This article is generally sold of two grades, the pure and the 
colored. The colored ginger is mixed with about half its weight of tur- 
meric, and is used for flavoring and coloring ginger-bread. Very fre- 
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queiitly other grades of ginger are sold for genuine African ginger, and 
it is strengthened with mustard. Additions of flour and turmeric can 
best be detected with the microscope. 

Honey. — This is frequently largely adulterated with glucose. The 
only way to detect this is to incinerate a small portion and examine the 
ash. If it is large, 0.10 per cent, or upward, starch sugar may be sus- 
pected. Starch sugar generally contains considerable dextrine; dextrine 
is insoluble in strong alcohol, while honey sugar is completely soluble. 

Entire absence of pollen grains in the residue left, when honey is dis- 
solved in water, is also suspicious. Pure honey always yields more or less 
of the pollen of the plant from which it is derived. 

Lard. — T.ard should melt to a clear fat without sputtering, should be 
completely soluble in benzine, and should be free from any burnt odor or 
taste. It is frequently adulterated with lime-water and alum to improve 
its color and add to its weight. It is also sometimes adulterated with 
starch. If intended for export to southern ports, it is hardened with 
stearine, thus raising its melting-i)oint. 

Mustard. — This is sometimes colored with chromate of lead to give it 
a bright color. The presence of the metal may be detected by the ordi- 
nary tests for lead. It is also colored by turmeric, which may be detected 
by the microscope. It is weighted with sulphate of lime, which is shown 
by increased weight of ash. Good mustard yields about six per cent, of 
ash. The lime-lake of Persiaa-berries is sometimes used as a coloring 
matter. 

Cayoine jyejyper. — This is said by Hassall to be colored with red lead, 
but recent observers have failed to find it. It is sophisticated with rice- 
flour, rye-flour, salt, and ship-bread. The ash is found to sometimes con- 
tain one or two per cent, of oxide of iron. This is evidently an accidental 
impurity, since the ash of the unground pods is colored in the same way. 

Horse-radish. — Much of the grated horse-radish that is sold consists 
largely of turnip. 

Fruit-jellies. — Many of these are what they purport to be only in name, 
being made from apple-jelly colored and flavored to suit the name. Some 
are said to contain gelatine. The coloring matters used are sometimes 
quite objectionable, and this is true of most of the flavors used. The 
safest course to pursue in regard to them is not to use them unless the 
source from which they come is known, and known to be trustworthy. 

3Tilk. — This substance is the most important article of food entering 
into daily use, since it forms the entire or almost the entire food of chil- 
dren at an age when they are but little able to resist any tampering with 
their nourishment. From its importance and from the ease with which it 
is adulterated, great attention has been paid to it, and we have now the 
results of many thousands of analyses. Many of the earlier of these, from 
the methods then in use, were necessarily imperfect, and cannot well be 
compared with more modern work. But those made both in this country 
and in England, since Wanklyn published his admirable monograph upon 
this subject, have all been made substantially by this process, and are 
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consequently strictly comparable. From these analyses the following has 
been deduced as a standard below which pure milk should not fall. Milk 



can easily be kept up to this standard by proper feed and care of the 
cows. Any falling below it is suspicious. 

Average composition of 
pure milk. 

Specific gravity , 1.030 + 

Cream, per cent, by volume 8'/o + 

Per cent, by weight. 

Sugar 4.40 

Caseine 4.30 

Ash 60 



Solids not fat , 9.30 

Fat 3.20 



Total solid 12.50 

Water 87.50 



100.00 

The Society of Analysts in England has adopted the following slightly 
lower standard : 

Solids not fats. 9.00 

Fat 2.50 



Total solids , 11.50 



This is too low, however, and does not give the public a fair chance. 
The plan which has been found best in practice here is to call all milk 
falling below the first standard adulterated, but not to prosecute the milk- 
man unless it falls below the society's standard, and, in calculating results 
of analysis, to use the first standard. The New York Board of Health 
relies almost entirely upon the lactometer ; but in Massachusetts, Rhode 
Island, Maine, and perhaps some other States, an analysis is required. 

The first step to be taken in the analysis is to ascertain the specific 
gravity. This is either done with an ordinary hydrometer or by means of 
a specific gravity bottle. The hydrometers in use are graduated accord- 
ing to various plans. The one which has been found most convenient is 
a simple spindle about fifteen centimeters long. The stem of this is grad- 
uated from 0° to 40°, 0° representing pure water, 40° representing the 
specific gravity 1.040. This range is sufficient for all uses, and the instru- 
ment is readily carried in the pocket, and is so short that it floats in an 
ordinary quart-measure. With this instrument any milk that stands 
above 33° is pretty sure to be skimmed, while that which falls below 29° is 
equally sure to be watered. The advantage of this instrument over those 
in common use is that no standard is assumed on the instrument itself, 
and its findings are merely a plain statement of facts. 

The New York Board of Health instrument assumes that 1.029 is the 
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specific gravity of pure milk, and tlie space between this mark and 0° is 
divided into 100°. On this instrument 1° represents one per cent, of 
milk in the sample. Thus a sample standing at 50° would consist of 50 
parts of milk and 50 parts of added water. 

The Orange County lactometer, which is a favorite among the milk- 
men, is graduated into 25°; 0° represents water, while 25° represents 
specific gravity, 1.040. On this instrument pure milk by the New York 
standard is 18.1°, or, by the standard of 1.030, 18.75°. The objection to 
the use of the lactometer is that very rich or warm milk stands as low as 
watered milk. It is best used only in the preliminary examination of 
milk supposed to be tampered with. If milk stands above 1.029 there is 
but little use in going further in the examination, unless a case of skim- 
ming can be made out ; but this last, in the absence of any legal stand- 
ard, is difficult. 

The creamometer consists of a glass jar about 25 mm. in diameter and 
25 ctm. deep. This is graduated from 0 to 100, the 100 mark being at 
the bottom of the scale. The 100 c.c. mixing jars, such as are to be had 
at any dealers in chemical glass apparatus, answer very well. A sample 
of the well-mixed milk is to be poured into the jar until the upper surface 
of the milk corresponds to the zero mark. The jar is then to be set in a 
cool place for twenty-four hours, at the end of which time the amount of 
cream is read off. This test is very unreliable, as it is influenced by the 
amount of agitation which the milk has previously undergone, by the 
breed of the cow, and by the temperature. It is best made, however, to 
serve as a check on other observations. The richness of the milk may 
also be judged by its opacity. A milk rich in cream is much more opaque 
than a skiunned or watered milk. To test milk in this way, a little instru- 
ment has been devised, consisting of a small vessel Avith parallel sides. A 
given amount of water is placed in the vessel, and then the milk is added 
drop by drop, until a candle can no longer be seen tiirough the solution. 
From the quantity of milk required to produce this opacity, its richness is 
determined, this being in inverse proportion to the quantity of milk 
used. 

The next point to be determined is the amount of total solids. For 
this purpose, five c.c. of the milk are measured into a small platinum 
dish of known weight, which should have a perfectly flat bottom; the milk 
is then weighed accurately and placed on the water-bath and evaporated 
to dryness. This takes generally about an hour. It is then placed in the 
drying-oven, and maintained at a temperature of 100° C. for a half-hour 
longer, when it is again weighed. The increase in weight above the 
weight of the dish gives the total solids. On examination, the milk wiU 
be found to have dried in two separate layers — an upper thin skin and a 
lower one, which is honeycombed in appearance. Petroleum benzine, of 
specific gravity 70° B., or less, is then poured over this residue and al- 
lowed to stand an hour. At the end of this time the benzine is poured 
off — care being taken that none of the upper film is lost — and replaced 
by a fresh quantity. This is allowed to stand half an hour, and is then 
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poured off as before. The dish is finally rinsed out with a fresh portion 
of benzine, and is then placed in the drying-oven for half an hour, and 
again weighed. The loss of weight from the previous weighing gives the 
amount of fat in the weight taken. 

The dish is then placed over a Bunsen burner and ignited until the 
ash becomes white. It is again weighed, and the difference between this 
weight and the weight of the dish gives the amount of ash. 

If the milk is to be tested for sugar, 35 c.c. are precipitated with a few 
drops of acetic acid. The milk is best warmed to about 40° C. before 
precipitating. It is then cooled and filtered, and the solution made up to 
500 c.c. A solution of tartrate of copper in caustic soda is used for titra- 
tion of the sugar. It is prepared as follows: 34.G5 grms. of pure crystal- 
lized sulphate of copper are dissolved in 300 c.c. of distilled water; 175 
grms. of Rochelle salt are dissolved in 480 c.c. of a solution of pure caus- 
tic soda (specific gravity 1.14); the two solutions are mixed and made up 
to 1 litre. Each c.c. of the solution represents .00G7 grms. of milk-sugar. 
This solution does not keep well; therefore it should be freshly prepared 
whenever wanted for use. To make the analysis, take 10 c.c. of this 
solution and place it in a porcelain dish with about 40 c.c. of water. Then 
heat to boiling, and add the whey from a burette so long as a blue color 
is seen in the dish, the contents of which must be kept constantly boil- 
ing. 

It has been found best in practice not to rely too much on the blue 
color, but, when the point of saturation is nearly reached, take out a few 
drops with a pipette, filter through a very small filter, and test the filtrate 
— previously acidulated with acetic acid — with ferrocyanide of potassium, 
which will give a brown color so long as any copper remains in the liquid. 
When the point of saturation is found, it is noted, and a second trial is 
made to check the first, a fresh 10 c.c. of the copper solution being used. 
The two should agree very closely. 10 c.c. of the copper solution corre- 
spond to .067 grm. of milk-sugar. The whey used to reduce it contains, 
therefore, .067 grain of milk-sugar. 

In order to find out how much sugar the 35 c.c. taken contained, we 
have this formula: 



500 X. 067 ... . .. 

weiffht oi suffar in 3o c.c. oi the milk. 



c.c. of Avhey used 



To find the weight in 100 c.c, this is multiplied by 4. Or 100 grms. of 
the milk contain this weight divided by the specific gravity of the 
milk. 

In order to save the trouble of going through with this calculation 
each time, the following table has been constructed, in which the weight 
of sugar corresponding to each cubic centimetre of whey from 1 to 100 
is given. 

The numbers in the table divided by the specific gravity of the milk 
give at once the per cent, of sugar in the milk. 
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WEIGHT OF SUGAR IN 100 CUBIC CENTIMETRES. 



CO. of whey 
used. 


Q 




2 

■ 


3. 






6. 


'* 


g 




10 


13.40 


12 17 


11.17 


10.30 


9.57 


8.92 


8.38 


7.91 


7.44 


7.05 


20 


6.70 


6.39 


6.09 


5.83 


5.58 


5.36 


5.15 


4.96 


4.78 


4.63 


30 


4.46 


4.32 


4.19 


4.06 


3.94 


3.83 


3.73 


3.03 


3.53 


3.44 


40 


3.35 


3.27 


3.19 


3.11 


3.04 


2.98 


2 91 


2.85 


2.79 


2.74 


50 


2.68 


2.63 


2.58 


2.53 


2.48 


2.44 


2.39 


2.35 


2.31 


2.27 


GO 


2.23 


2.19 


2.16 


2.13 


2.09 


2.06 


2 03 


2.00 


1.97 


1.94 


70 


1.91 


1.88 


1.86 


1.84 


1.81 


1.79 


1.76 


1.74 


1.73 


1.69 


80 


1.67 


1.65 


1.63 


1.61 


1.59 


1.57 


1.56 


1.54 


1.52 


1.51 


90 


1.49 


1.47 


1.46 


1.44 


1.43 


1.41 


1.39 


1.38 


1.37 


1.35 


100 


1.34 


1.32 


1.31 


1.30 


1.29 


1.27 


1.26 


1.25 


1.24 


1.23 



Of course this table can only be used when the directions given above 
are followed, that is, when 25 c.c. of milk are taken for the test, and the 
whey is made up to 500 c.c, and 10 c.c. of the copper solution are used. 

To interpret the results of the analyses, wc may make use of the fol- 
lowing formuLne: 

1st. Calculate the amount of pure milk from the total solids. 

2d. Calculate the amount of pure milk from the solids not fat. 

3d. Calculate the amount of pure milk from the sugar. The example 
given below is the result of an actual analysis of a watered milk. The 
analysis gave sugar, 3.45; caseine, 2.785; ash, .475; solids not fats, G.71; 
fat, 2.31; total solids, 9.03. 

Taking as our standard the average milk, given on page 3G6, we have, 
from the total solids, 

12.5 : 9.02 :: 100 : 72.1G 
or, by this calculation, the sample contained 72. IG per cent, of average 
milk. 

Using the solids not fat, 

9.30 6.71 100 72.1 
or, from this, the sample contains 72.1 per cent, of pure milk. 
From the sugar 

4.40 : 3.45 :: 100 : 78.4 
From the specific gravity 

30 : 21 :: 100 : 70.0 
so, taking all these tests together, it is evident that the milk was watered 
at least 25 parts of added water to 75 parts of milk, or three cans of milk 
and one of water were mixed. 

The inspector should be on the lookout for other adulterations than 
water, but he will find them very rare. He may, however, find cases of 
milk from diseased cows, or cows fed on improper food, such as brewers* 
swill. It is his duty to prevent the sale of such milk, if he can. 

Meat. — There has been no definite line laid down between good and 
bad meat. Meat which some people consider just ripe, others would at 
once condemn. It may be laid down, however, as a safe rule to follow. 
Vol,. II.— 24 
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that meat, wlien once tainted, is not fit food for those who are not ac- 
customed to its use. 

The use of veal under four or five weeks of age is forbidden in many 
localities. The meat from diseased cattle is oftentimes unhealthy, though 
quite as frequently it may be and is eaten with impunity. 

Meat infested with parasites, such as trichina spiralis, is not a safe 
article of food, although if properly cooked it may be eaten without 
danger. In order to prevent such meat as the inspector may condemn 
from being used as food, it should be injected with carbolic acid or some 
similar substance. 

Oatmeal. — Much of tlie oatmeal sold in the market is old and rancid. 
To be good, the meal should be freshly ground, and it should be free from 
an ancient and mouse-like odor. 

PicJcles. — These should be examined for suljjhuric acid. Mash up, 
treat with hot water, filter, and test the filtrate Avith chloride of barium. 
If sulphuric acid is found, the test for alum should also be made, for it is 
sometimes used to harden them. Incinerate several, and test the ash for 
alumina. 

Copper should be tested for in both pickles and canned peas. Re- 
duce the pickles to a paste in a mortar, add hot water, acidulate with 
sulphuric acid, insert into the mass two platinum plates connected with 
the poles of a battery of two or three cells, and allow them to stay in it 
several hours. If copper is present, it will be deposited on the platinum. 
It may afterward be dissolved off with a little nitric acid and be identified 
in the usual way with ammonia and ferrocyanide of potassium. 

Preserved fruits. — A great deal of very inferior fruit is found every 
year on the market in the form of " apple-sauce," which is frequently 
pumpkin boiled in cider. The raspberry-jam offered for sale is frequently 
sour. Strawberry jam is often made from the refuse strawberries of the 
market. These can only be examined as to their general character; no 
specific tests can be given. 

Pepper. — This is frequently adulterated with roast ship-bread, mustard- 
husks, and Indian-meal. These adulterations are best discovered, by com- 
paring the sample with one known to be genuine, by aid of the microscope. 

Sago is frequently potato-starch, recognizable by the microscope. 

Riwi. — New England rum is generally pure, though it is sometimes 
watered. Much of the St. Croix rum and Jamaica rum in the market is 
merely New England rum flavored so as to imitate the article for which it 
is named; a common practice being to add ten gallons of genuine rum to 
thirty gallons of New England. 

/Si/f/ar. — In the eastern markets of the United States this article is 
very generally to be found in a pure state. The granulated sugar may 
be said to be invariably so. Very rarely a sample of light-brown sugar 
is met with which contains a trace of iron. A sample of sugar of this 
kind gives a black or brown color with tea, and has thus occasionally 
created some needless alarm. 

It is frequently charged that the brown sugars are adulterated with 
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glucose. If this is done at all, it must be quite rarely; one such sample 
only has been met with in the last two years. Tn this case it was detected 
by the high polarization test of the goods. The ordinary glucose or 
starch syrup of the market is a mixture of dextrine and glucose, and 
polarizes very high, giving a test which represents about 150 per cent, of 
cane sugar. The suspected sample referred to above polarized 99°, and 
on examination was found to contain about 90 per cent, of cane-sugar, 9 
per cent, of corn-syrup, and about 1 per cent, of water. Glucose may be 
readily detected from the fact that it at once reduces sodio-tartrate of 
copper from its solution on boiling. 

Powdered sugar is sometimes adulterated with rice-flour. This is 
easily detected by treatment with a little sulphuric acid and tincture of 
iodine. The characteristic color of iodide of starch at once appears. 

Molasses is frequently adulterated with glucose. Molasses always 
contains more or less fruit-sugar : this turns the plane of polarization to 
the left. Starch glucose turns it to the right. If the molasses is genu- 
ine, it should contain only cane- and fruit-sugar, and not dextrine. Cane- 
sugar can be readily converted into inverted sugar by heating with dilute 
hydrochloric acid for fifteen minutes to G8" F. Advantage may be taken 
of this fact to test for starch-sugar. This is not changed by the action 
of hydrochloric acid unless it is long continued. The polarization of the 
sample is therefore observed; it is then inverted, and again observed. If 
it still remains strongly right-handed, starch-syrup is probably present. 
The test for glucose with copper is worthless in this case, because the 
fruit-sugar that is always present reduces the copper as readily as does 
the starch-sugar. 

Sugar is sometimes infested with mites; but these are rarely, if ever, 
found in refined sugars, but are mostly met with in the raw sugars as 
imported. Raw sugars frequently contain considerable sand, which arises 
from careless manipulation. 

Spices. — In order to obtain these pure, and of full strength, it is almost 
necessary to buy them in the unground state. Ground spices, even when 
pure, lose strength very rapidly from the escape of the volatile oil. 

The microscope furnishes almost the only guide to their purity. It is 
well, however, to determine the amount of ash, and compare it with the 
ash of genuine samples. The addition of starches and flour lowers the 
ash, while terra alba raises it. 

2'ea. — Tea is said to be adulterated with leaves other than those of the 
tea-plant. These are best detected by soaking the leaf, and then spread- 
ing it out flat, and comparing it with tea-leaves known to be genuine. 

Exhausted tea-leaves are said to be shipped fi-om China to this coun- 
trv. These can best be detected by exhausting a weighed quantity of 
the tea with hot water, and then evaporating the extract to dryness; it 
should leave a residue of at least twenty-five per cent, of the weight of 
the tea. Sand and dirt are frequently found in low-grade teas. The ash 
of tea should not exceed six per cent. Weighted teas frequently contain 
from twenty to thirty per cent, of ash. The tea should be carefully ex- 
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amined for facing' material, such as black-lead, Prussian blue, and soap- 
stone. 

Vmegar. — The British law allows an amount of sulphuric acid or sul- 
phates in vinegar which shall not exceed one-tenth of one per cent. Any 
amount above this allowance should be regarded as an adulteration. 
Chlorides in quantities of more than one-tenth of one per cent, should also 
be absent. Good vinegar should only give a cloudiness with chloride of 
barium, or with nitrate of silver. Burnt sugar, or caramel, is sometimes 
used to color vinegar. As this is done to please the eye, and is not in- 
jurious, it can hardly be regarded as an adulteration. Good vinegar 
should contain at least three per cent, of acetic acid; anything below this 
must be regarded as watered. 

Wine. — In order to define what is an adulteration in wine, it is first 
necessary to understand what wine is. Some authors assume that wine 
is the pure, fermented juice of the grape. But this definition of wine at 
once excludes a very large class of wines. It would exclude the whole of 
the ports, sherries, and champagnes, which are rarely, if ever, sent into 
the market without undergoing some manipulation for the purpose of 
adding to their strength, flavor, or keeping properties. Sherries and port 
are almost invariably plastered and fortified. A natural port or sherry 
should not contain in each litre over 120 or 130 grms. of alcohol. The 
commercial ports and sherries contain, however, from 170 to 190 grms. of 
alcohol in the litre. Of this alcohol at least fifty to sixty grms. are added. 
This is apt to be in the form of brandy of a very poor quality. The ash 
of pure wine should not contain more than one grm. of sulphates to the 
litre; but the ash of a litre of port or sherry generally contains from three 
to four grms. of sulphates. This large increase in sulphates arises from 
the practice of dusting the grapes with sulphate of lime. The sulphate 
of lime decomposes the acid tartrate of potassium in the fruit, produ- 
cing sulphate of potassium in the wine, while the tartrate of calcium is 
deposited in the loes. 

This plastering of the wine is excused on various grounds. That it is 
injurious hardly admits of question; but at present it has to be submitted 
to, since it is impossible to obtain sherry or port that has not been so 
treated. 

The next sophistication to which wine is submitted during its manu- 
facture is sweetening with sugar. In bad years the grapes are poor, and 
yield a thin, acid juice. In order that the fermentation may produce suffi- 
cient alcohol to keep the wine, it is customary to add sugar to the must. 

Sometimes the flavor is deficient. In order to improve this, the wine- 
merchant keeps a supply of old, high-flavored wines, which he adds to the 
poor wine. 

If the color is deficient in the case of port and other red wines, elder- 
berry-juice is added to produce the desired shade. In the case of sher- 
ries, caramel is used. Champagne is a manufactured wine, having for its 
basis the juice of a black grape growing in the Champagne district in 
France. The bottlers of champagne flavor it, fortify it, and sweeten it 
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according to private formulas, so as to imitate as nearly as possible their 
well-known brands. The main difference between the vintages of various 
years being in the good or poor quality of the Avine they start upon. Only 
one thing can be relied upon in regard to champag-ne, and that is the fact 
that it is not thej^ure, fermented juice of the grape. It is just as much an 
artificial production as the various cordials which are found in the market. 

So far only Avhat may pass as reasonably pure wines have been spoken 
of — that is, wines which come from the places where such wines originate 
and which are free from adulteration other than what custom and long 
usage have sanctioned. 

Factitious wines, that have never been within the limits of the wine- 
growing districts, are also to be found in the market. It is estimated 
that the Champagne district in France does not produce more than one- 
tenth of the amount of champagne consumed, the remainder being manu- 
factured from cider and other wines. 

Many very elaborate analyses of wines have been made, the most elab- 
orate monogTaph on the subject being Thudichum and Dupre's treatise 
on the Origin, Nature, and Varieties of Wine, in which may be found full 
directions for making minute analyses of wine and also such analyses of 
all the leading wines of the world. 

In ordinary commercial tests only a very few determinations are made. 
It is well to take the specific gravity of the wine. This is best done in 
the ordinary specific gravity llask. The alcohol is also determined. This 
may be done in two ways : either by distilling 200 or 300 c. ctm. of the 
wine and collecting and determining tlie specific gravity of the distillate; 
or by evaporating a measured amount of the wine on the water-bath to 
one-fourth of its volume, and adding water to the residue until its former 
volume is restored, when the specific gravity is again determined. The 
specific gravity of the entire wine divided by the same dealcoholized gives 
very closely the specific gravity of the alcohol contained in the wine. 
Having the specific gravity, the percentage is readily found by referring 
to any alcohol tables. 

The total solids should also be determined. This may be done by 
evaporating from 10 to 50 c.c. of the wine to dryness in a platinum dish. 
If tlie wine is a very sweet one, only 10 c.c. should be taken. The residue 
should be dried at a temperature not exceeding 105° C. and then weighed. 
For the same kind of wine this residue is quite constant in weight, not 
varying generally more tlian one or two per cent. After weighing the 
residue, it is to be ignited at a very low red heat vmtil the ash is white, 
and the amount of ash is determined by again weighing and subtracting 
the weight of the dish. 

In red wines an examination should also be made for artificial coloring 
matters. Very elaborate tables have been given for the detection of vari- 
ous coloring matters. As a general rule, the coloring matters used are 
harmless, and the only object in detecting them is to show whether the 
wine has been adulterated. The only one that is at all likely to be harm- 
ful is fuchsinc or magenta. Tliis is most easily detected by concentrating 
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the wine and then dyeing a piece of wool with tlie solution. Cochineai 
and fuehsine will g-ive a red or pink color on wool. The coloring- matter 
of wine does not dye wool without a mordant. A very elaborate paper, 
by M. Gautier, was published in the Analyst for 1877, which may be con- 
sulted on this point. 

Jieer. — This is examined in exactly the same manner as wine. 

In concluding, one or two other articles, which do not come strictly 
under the heading of food, may be noticed. 

Cream of tartar. — Much of what is to be found in the market under 
this name is more or less adulterated. The favorite adulteration is terra 
alba or gypsum. This may vary from 5 to 75 per cent. Common com- 
mercial cream of tartars average about 93 per cent, of cream of tartar and 
7 per cent, of tartrate of calcium, and only contain traces of sulphates. 

The examination most conveniently made is the following: Five grms. 
are dissolved in hot water with the addition of a few drops of hydrochloric 
acid. Ammonia is then added in excess, and then oxalate of ammonia. 
This is allowed to stand an hour or so, and then filtered. The filter is well 
washed with ammonia-water, and then dried and ignited over a blast-lamp 
for ten minutes in a platinum crucible. The residue, after ignition, con- 
sists of caustic lime, CaO. Another five grms. are dissolved in the same 
manner as before, and chloride of barium is added to the solution. The 
precipitate, if any is formed, consists of sulphate of barium. It is collected 
on a filter, dried, ignited, and weighed. The weight of the precipitate, 
multiplied by .7382, gives the weight of the corresponding amount of 
gypsum. This, multiplied by 100 and divided by the weight taken, gives 
the per cent, of gypsum in the sample. 

The per cent, of gypsum multiplied by .3256 gives the amount of lime, 
CaO, in the gypsum. This lime is to be subtracted from the lime found 
in the sample. The remainder of the lime multiplied by 4.G42, gives the 
amount of tartrate of calcium in the sample. 

Example: A certain cream of tartar gave G.773 per cent, sulphate of 
baryta and 3 per cent, of lime. 

6.773 X .7382 = 5. = per cent, gypsum. 
5. X 325G — 1.628 = lime. 
3. - 1.63 = 1.37. 

1.37 X 4.642 = 6.36 = per cent, tartrate of lime. 

If the cream of tartar is dirty and does not dissolve completely in acid, 
then the solution must be filtered before precipitation, the filter ignited 
and weighed, and the percentage of insoluble matter calculated. 

It is a good plan to always ignite five grms. of the tartar in a platinum 
dish and weigh the ash. Pure cream of tartar yields 36.79 per cent, of 
ash; tartrate of lime yields 21.54 per cent, of ash. The ash, as calcu- 
lated from the amount of tartrate of lime found, and from the amount of 
cream of tartar, as determined by subtracting the tartrate of lime from 
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100, should very closely agree with the amount of ash actually found. 
In the presence of gypsum, however, the ash found is always too low, as 
part of the sulphuric acid is lost during ignition. 

If the sample is adulterated with rice-flour, the ash will also be low. 
A few samples have recently been found in the market which contained 
bitartrate of ammonia. The lowness of the asli in this case led to the 
detection of the ammonia. 

Starch of any kind may be detected by the iodine test, and, after dis- 
solving out the bitartrate with cold water, identified with the microscope. 

Occasionally samples sold as cream of tartar are met with which are 
free from any bitartrate. One of the favorite forms is : Tartaric acid, 
one-third; gypsum, one-third; and rice flour, one-third. 

Occasionally a sample is found badly adulterated with alum or with 
acid sulphate of soda, or salt-cake. These are both easily detected, 
though a mixture of alum and rice flour occasionally bothers the analyst. 

A cream of tartar substitute, composed of acid phosphate of lime and 
potato-starch, is sometimes sold as cream of tartar. This, if well made, 
is unobjectionable, but should be sold under its proper name. 

Haking-povyders. — Those in the market at present are composed either 
of cream of tartar and bicarbonate of soda, or of cream of tartar, bicar- 
bonate of soda, and rice-flour; the object of the addition of the rice-flour 
being to keep the tartar and bicarbonate apart, so that they will not react 
on each other until the jjroper time. 

Another formula consists of ammonia alum, starch and bicarbonate of 
soda. This makes an excellent powder, so far as the production of a 
baking-powder is concerned. But there is much controversy in regard to 
its healthfulness. 

The compound which seems to have the best arguments in its favor is 
the mixture of acid phosphate of lime and bicarbonate of soda, since this 
restores to the flour the phosphates that have been removed in the bran. 

Tinware. — -Much complaint has been recently made that the cheap 
tinware sold is made from terne plate, and has given rise to cases of lead 
poisoning. Terne plate has not the bright appearance of good tin plate, 
but has a dull leaden hue. To test it, scrape off a little of the coating, 
dissolve in aqua regia, dilute and pass through the solution a strain of 
sulphide of hydrogen. The formation of a dark precipitate indicates the 
presence of lead. The test sometimes given, of putting a drop of nitric 
acid on the article, then Avarming until the acid has evaporated, and finally 
moistening with iodide of potassium, is worthless. Pure tin gives almost 
exactly the same shade of color with this test as lead. 

Poisonous glazing or enamel. — A few years ago there suddenly ap- 
peared on the market large quantities of glazed ironware which contained 
lead and arsenic in a form which was soluble in weak acids. To test 
such ware, boil dilute nitric acid in it, then test the acid in the usual way 
for lead and arsenic. 

Poisonous jyapers. — Almost all of the bright green glazed paper, so 
freely used in stores for fancy boxes, contains arsenic in large quantities. 
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It should be condemned whenever met with. It has been found as a cov- 
ering for lozenges, and is used for all kinds of tickets. 

To conclude: the health officer cannot be too vigilant in his search for 
adulteration, nor too circumspect, when the adulteration is found, in con- 
demning it. He must be perfectly sure that he is right, and must throw 
all personal feelings in the matter to one side, for nothing so prejudices 
a case as to have it appear that the officer has any object in view other 
than the performance of his duty; and in the large number of cases he 
will find his purposes served far better by warning the parties privately 
than he will by brniging the case into court. Any repetition of the 
offence, however, should be followed by prompt action. 
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PUBLIC NUISANCES. 



Blackstone defines a nuisance as an "annoyance; anything that 
worketh hurt, inconvenience, or damage." A definition like this, which is 
comprehensive enough to include a hurricane or the rupture of a blood- 
vessel, is manifestly unsuited to our purpose. In Burrill's Dictionary of 
Ijaw Terms, a common or public nuisance is said to be " a nuisance affect- 
ing the public, being an annoyance to the vv^hole community in general, as 
distinguished from a private nuisance, which is confined in its effects to 
particular individuals." This definition is defective, because a nuisance 
may be a public one without being " an annoyance to the whole com- 
munity in general." A factory, for instance, in a large town, may make 
the atmosphere unwholesome for two or three blocks on every side, and 
thus be decidedly a public nuisance, while people of the same community 
living farther away may not even know of its existence. On further in- 
vestigation I find that the legal conception of a public nuisance includes 
lotteries and common scolds, and it thus becomes evident that a more 
restricted definition must be framed for a book on hygiene. 

It will not do to limit the application of the term " nuisance " to that 
which directly affects the health of individuals or the community, because 
their physical well-being may be prejudiced by exposure to anything that 
interferes with their comfort or convenience. Impartial testimony, for 
example, goes to show that the disagreeable emanations from fat-and 
bone-boiling establishments are not injurious to health, but rather the con- 
trary, and still such establishments are so obnoxious that they are unde- 
niably public nuisances, because no one can live near them in comfort, 
unless his senses are blunted by constant association. We must consider 
anything which interferes with the comfort, then, as a nuisance, as well 
as that which injures the health directly. 

The most difficult question is that of the proper meaning of the word 
"])ublic" in this connection. A nuisance may be a public one and still 
affect only a part of the community in which it exists. But how large a 
part must this be ? Anj^thing which is a nuisance only to the persons on 
the premises where it originates cannot be considered a public nuisance, 
for the occupants of a single lot or a single building must be looked upon 
as a social unit, as a single integral part of the community, anything 
which they may say, do, or feel by themselves, not partaking of a public 
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character. Neither, in my opinion, does a nuisance become a public one 
when it affects the occupants of a sin<^le adjoining or neighboring lot or 
building only, for the very fact of its being limited to a single spot out- 
side of the premises where it originates shows that it is a nuisance to that 
spot, or to the occupants of that lot or building, by virtue of some particular 
quality which does not extend and is not likely to extend to any place 
beyond. 

But when anything becomes a nviisance to the occupants of two 
premises other than the premises on which it originates, it seems to me 
that it becomes a public nuisance, for it now takes on a quality of exten- 
sion, and if its obnoxious character affects the occupants of premises in two 
directions, or of two premises in one direction, it is an indication that it 
only needs to be a little more intense, or to exist under slightly different 
circumstances (as varying winds, barometric pressure, temperature, etc.), 
to become a nuisance to a still greater number of people. The number of 
persons who must be affected in order to constitute an3^thing a public 
nuisance, has, in any event, to be fixed upon arbitrarily, and T have pre- 
ferred to put the dividing line between a private and a public nuisance at 
the point where we pass from unity to plurality. Accordingly, I shall 
define a pxiblic nuisance to he anything that injuriously affects the health 
or comfort of the occupants of tioo or more premises other than the 
premises on lohich it exists. 

The suppression of public nuisances is a governmental duty, but it is 
not to be presumed that any business or trade which becomes a public 
nuisance is necessarily to be driven away from the haunts of men. It is 
always to be borne in mind that what is a nuisance to one man is to 
another the means by which he earns his bread, and it is not always an 
easy matter for the public authority to decide between the demands of 
a few or many j^ersons on the one hand, whose health or comfort is 
interfered with, and the inexorable demands of commerce on the other. 
Many trades are obnoxious to those who live near the places where they 
are carried on, which cannot be far removed from inhabited localities. 
The slaughtering of animals is such a one, for the flesh cannot be trans- 
ported far without becoming unwholesome or expensive. So, too, the 
noise and other nuisances connected with railroads have to be endured, 
because the roads are of no use unless they end in a populous community. 
Indeed, in the vast majority of cases, the attention of public officials must 
be directed toward a reduction of any nuisance to a minimum, rather 
than toward its entire abolition, for the latter often implies the extinc- 
tion of the business. The most serious nuisances are those arising from 
the various processes of manufacture, and in the tremendous development 
of industrial activity in every direction of late years there has been a 
corresponding increase in the number and harmfulness of the noxious in- 
fluences to which communities are exposed. 

The poisoning of the atmosphere by emanations from industrial estab- 
lishments has gone farther in England than in any other country. Acid 
fumes from soda and superphosphate works, and clouds of coal-smoke, 
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with carbonic and sulphurous acids, from every factory chimney, began to 
produce an appreciable effect on vegetation, and on the health of men and 
animals. Within a few years' strenuous efforts have been made to control 
this growing nuisance, and with considerable success. The various means 
resorted to will be mentioned under the appropriate headings. 

In. France also, and especially in Paris, much attention has been given 
to the abatement of public nuisances. In this direction, as in so many 
others, the influence of Napoleon the Great is still felt. By an imperial 
decree of October 15, 1810, all establishments which could be considered 
nuisances, by reason of their injuring the health or causing inconvenience 
or discomfort to persons living in their vicinity, were divided into three 
classes, according to the degree of nuisance caused by them. The Jirst 
class includes all businesses which must be removed from the neighbor- 
hood of dwelling-houses. Most of them are not allowed within three 
hundred metres of an inhabited building. The second class includes those 
businesses which need not necessarily be removed from the vicinity of 
dwelling-houses, but whicli require special permission for their establish- 
ment, cannot be started without the consent of neighbors, and arc always 
to be kept under surveillance by the police or local inspectors, who see 
tliat they are properly conducted. The tJtlrd class includes those busi- 
nesses which may be established without the formalities required of those 
in the first and second classes, but must still obtain permission from the 
local authorities, and must remain more or less under the surveillance of 
the police or other official. 

Since this classification was made, some manufacturing processes have 
fallen into disuse, and many new ones have been introduced, while the 
methods of many have been so changed as to relieve them, more or -less, 
of the qualities which made them obnoxious. There have been corre- 
sponding changes in the classification, businesses being shifted from one 
class to anotlier, or dropped entirely, and new ones introduced, up to the 
year 186G, when the latest classification was made and promulgated by an 
imperial decree, dated December 31, 186G. 

As France is the only nation that has made such a classification of 
businesses up to the present time, and as it forms a convenient table for 
reference in connection with the subject of this cliapter, the classification 
of 186G is given on the following pages: 
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Business. 



Abattoirs, public. 

Acid, Araenic, manufacture 
ot, by means of arsenious 
and nitric acids, when the 
nitrous products are not 
absorbed. 

Acid, Hydrochloric, produc- 
tion of, by decomposition 
of the chlorides of mag- 
nesium, aluminium, etc., 
when the acid is not con- 
densed. 

Acid, Oxalic, manufacture of , 
by niti'ic acid, without de- 
struction of noxious gases. 

Acid, Picric, when the nox- 
ious gases are not burned. 

Acid, Stearic, manufacture 
of, by distillation. 

Acid, Hulph/iric, manufac- 
ture of, by the combustion 
of sulphur and pyrites. 

Nordhausen process, by 
the decomposition of sul- 
phate of iron. 

Aldehyde, manufacture of. 

Archil, manufacture of, in 
covered kettles. 

Arsnnite of I'oiash, manufac- 
ture of, by means of salt- 
petre, when the vapors are 
not absorbed. 

Axle-grease, manufacture of. 

JJlood, depot of, for the 
manufacture of Prussian 
blue and other industries. 

Jilood, manufacture of pow- 
der from, for the claritica- 
tion of wines. 

Blood, works for separating 
the fibrin, albumen, etc. 

Bone-fat, manufacture of. 



Bo7irs, drying of, for manure, 

when the gases are not 

burned. 
Bones, fresh, depots of, on a 

large scale. 
Brown (r'rease, manufacture 

of. 

Bnrn.inrf of Sea-v)ecd, in per- 
manent establishments. 

Carbonization, of animal mat- 
ters in general. 

Chrysalids, shops for the ex- 
traction of the silky por- 
tions of. 

Coke, manufacture of, in 
ofjen air, or in furnaces 
without smoke-consumers. 



Character of Nui- 
sance. 



Smell , pollution 
of water. 

Injurious va- 
pors. 



Injurious ema- 
nations. 



Fumes. 



Injurious va- 
pors. 

Smell, danger of 
fire. 

Injurious ema- 
nations. 

Injurious ema- 
nations. 

Danger of fire. 
Smell. 

Injurious ema- 
nations. 



Smell, danger of 

fire. 
Smell. 



Smell. 



Smell. 

Smell, pollution 
of water, dan- 
ger of fire. I 

Smell, danger of I 
fire. j 

Smell, injurious 
emanations. I 

Smell, danger of 
fire. 

Smell, smoke. 

Smell. 
Smell. 



Smoke, dust. 



Business. 



Crude Soda, from sea-weed, 
manufacture of, in perma- 
nent establishments. 

Cyanide of Potassium and 
Prussian Blue, manufac- 
ture of, by direct calcina- 
tion of animal matters with 
potash. 

Dirt and Rubbish, depots of, 

and Duiiij^s. 
Boys, hospitals for. 
Earths containing pyrites 

and aluminas, roasting of. 

Ether, manufacture and de- 
pots of. 

Fat-rendering, establish- 
ments for, over open fire. 

Ifelt and Glazed Visors, 
manufacture of. 

Fertilizes, depots of (mat- 
ters coming from night- 
soil or offal, unmanufac- 
tured, or in an uncovered 
storehouse). 

Fertilizers, manufacture of, 
by means of animal mat- 
ters. 

Fireworks, manufacture of. 
Fish-cil, manufacture of. 

Flesh, Scraps and Offal from 
the slaughtering of animals, 
depots of. 

FuUni.natc of Mercury manu- 
facture of. 

Ftise, manufacture of, with 
explosive materials. 

Glue, manufacture of. 

Gold and Silver Refining, by 
acids. 

Grease or Thick Oil, for the i 
use of the makers of cha- ; 
mois leather, or curriers, | 
manufacture of. | 

Ouaiio, depots of, when j 
amount exceeds 25,000 ki- 
logrammes. I 

<?«^(•/cY^/<n.'/cstablishments, ; 
handling of fresh intestines 
for all jiurposes. 

lloiis BriMcx, preparation of, 
by fermentation. 

Ivory Black and Animal 
Black (distillation of bones 
or manufacture of) when 
the gases are not 
burned. 



Character of Nui- 
sance. 



Smell, smoke. 
SmelL 



SmelL 

Smell, noise. 

Smoke, injuri- 
ous emana- 
tions. 

Danger of fire 
and of explo- 
sion. 

Smell, danger of 
fire. 

Smell, danger of 

fire. 
SmelL 



Smell. 



Danger of fire 
andexplosion. 
Smell, danger of 

fire. 
SmelL 



Danger of ex- 
plosion and 
tire. 

Danger of ex- 
plosion and 
fire. 

Smell, pollution 
of water. 

Injurious ema- 
nations. 

Smell, danger of 
fire. 



SmelL 

Smell, injurious 
emanations. 

Smell. 

Smell. 
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Business. 



Character of Nui- 
sance. 



Knackei'ies. 

Lignite, incineration of. 



Miitchrs, mannfactureof,with 

explosive materials. 
Meu'Kjeries. 

NeaVs-foot Oil, manufacture 
of, by using matters al- | 
ready putrescent. 

Nitrate of ln>>i, manufacture 
of, when the injurious va- 
pors are not absorbed or 
decomposed. j 

Oils and other fatty matters, i 
extraction of, from the de- 
bris of animal matters. | 

Oils, mi.xing l)y heat or boil- 
ing of, in open kettles. ! 

Oils of petroleum, schist and 
tar, essences and other hy- 
drocarbons employed in 
lighting, warming, raanu- ! 
facture of colors and var- 
nishes, scouring of cloth 
and other uses, manufac 
ture, distillation and hand- 
ling of, on a large .scale. 

Olive-cakes, treatment of by 
sulphide of carbon. 

Patent Leather, manufacture 
of. 

Pearl .U/i, with discharge of 
smoke externally. 

Peat, carbonization of, in 
open vessels. 

Percussion Caps, manufac- 
ture of. 

Petroleum, etc., depots of. 

1. Substances very inflam- 
mable, that is, with a tiash- 
ing-point below •>o^C, if 
the quantity stored is even 
temporarily 1,050 litres or 
more. 

2. Substances less inflamma- 
ble, that is, with a flashing- 
point of :>5^ C. or over, if 
the quantity stored is even 
temporarily 10,500 litres or 
more. 

PhospJwrus, manufacture of . 
Piggeries. 

Pondreltc And other manures, 
manufacture of, out of ani- 
mal matters. 

P«M;(/(rand f ulminatingmat- 
ters, manufacture of. 

Printing Lnk, manufacture 
of. 

Prussian and English Red. 

Reel Oils, manufacture of, by 
extraction from scraps and 
fatty residues, at a high 
temperature. 

Vol. II.— 25 



Smell, injurious 
emanations. 

Smoke, injuri- 
ous emana- 
tions. 

Danger of fire 
andexplosion. 

Danger from 
animals. 

Smell. 



Injurious ema- 
nations. 



Smell, danger of 
fire. 

Smell, danger of 
fire. 

Smell, danger of 
fire. 



Danger of fire, j 

Smell, danger of 

fire. 
Smoke, smell. 

Smell, smoke, j 

Danger of ex- 
plosion. 1 

Smell, danger of , 
fire. 



Smell, danger of 
fire. 



Danger of fire. 
Smell, noise. 
Smell, pollution 
of water. 

Danger of ex- 
plosion and fire. 
Smell, danger of 
fire. 

Injurious ema- 
nations. ! 

Smell, danger of 
fire. 




Character of Nui- 
sance. 



Resin Oils, manufacture of. 



Resins, Galipots and Com- 
mon Rosin, works on a 
large scale for the melting 
and clarifying of. 

Retting of hemp and flax, on 
a large scale. 



Roasting of minerals con- 
taining sulphur. 

Sabots, shops for smoking, 
by the burning of horn or 
other animal matters, in 
towns. 

Scaldiiig-houses for the in- 
' dustrial preparation of offal. 

Scouring of woollen goods 
and waste by petroleum 
oils and other hydrocar- 
bons. 

j Scraps, manufacture of. 

i Slops, extraction of the fatty 
j matters contained in, for 
I the manufacture of soap 
and other uses, in open ket- 
tles. 

Starch, manufacture of, by 
[ fermentation. 
I Sulphateof Ammonia, manu- 
facture of, by distillation 
of animal matters. 
Sulphate of Copper, manu- j 
facture of, by roasting py- 
rites. 

Sulphate of Aferexrg, manu- 
facture of, when the va- 
1 pors are not absorbed. 

Suljt/tate of Soda, manufac- 
ture of, bj' the decomposi- 
tion of sea-salt by sulphu- 
ric acid, without condensa- 
tion of the hydrochloric 
acid. 

Sulphide of Carbon, manu- 
facture of. 

Sulphide of Carbon, manu- 
factories in which it is 
used on a large scale. 

Taffetas and glazed or waxed 
cloths, manufacture of. 

Tarpaulins, manufacture of, 
with the boiling of oils. 

Tars and vegetable resins of 
different kinds, elaboration 
of. 

Tars of different origins, spe- 
cial works for the elabora- 
tion of. 

Tobacco, incineration of the 

midribs of. 
Triperies c6nnected with 

aloattoirs. 
Varnish, Oily, manufacture 

of. 



Smell, danger of 
fire. 

Smell, danger of 
fire. 



Injurious ema- 
nations, pol- 
lution of wa- 
ter. 

Smoke, injuri- 
ous emana- 
tions. 

Smell, smoke. 



Smell. 

Danger of lire. 



Smell, danger of 
fire. 

Smell, danger of 
fire. 



Smell, injurious 

emanations. 
Smell. 



Injurious ema- 
nations, 
smoke. 

Injurious ema- 
nations. 

Injurious ema- 
nations. 



Smell, danger of 

fire. 
Danger of fire 



Smell, danger of 
fire. 

Danger of fire. 

Smell, danger of 
fire. 

Smell, danger of 
fire. 

Smell, smoke. 

Smell, pollution 

of water. 
Smell, danger of 

fire. 
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SECOND CLASS. 



Acid, Arsenic, manufacture 
of, by means of arsenious 
and nitric acids, when the 
nitrous products are ab- 
sorbed. 

Acid, Hydrochloric, produc- 
tion of, by the decomposi- 
tion of "the chlorides of 
magnesium, aluminium, 
etc. , when the acid is con- 
densed. 

Acid, Oxalic, manufacture 
of, with sawdust and pot- 
ash. 

Acid, Pyroligneous, manu- 
facture of, when the gase- 
ous products are not 
burned. 

Acid, PyroUgjicous, purifi- 
cation of. 

Acid, Stearic, manufacture 
of, by saponification. 

Alcohol, rectification of. 

Alkaline Chlorides, Eau de 
Javclle, manufacture of. 

Arsenite of Potash, manu- 
facture of, by means of 
saltpetre, when the vapors 
are absorbed. 

Artificial Fuel, or bricks of 
coal, manufacture of, with 
fat resins. 

Asphalt and Bitmnen, works, 
with open fire. 

Baryta, decoloration of the 
sulphate of, by means of 
hydrochloric acid, in open 
vessels. 

Black of refineries and sugar- 
houses, revivification of. 

Blast-furnaces. 

Bleaching of threads, tex- 
tures, and paper pulp, by 
chlorine. 

Of threads and textures of 
wool and silk, by sulphur- 
ous acid. 

Bones, torrefaction of, for 
manure, when the gases are 
burned. 

Carpet-beating, on a large 
scale. 

Chamois Leather, manufac- 
ture of. 

Chloride of Lime, manufac- 
ture of, on a large scale. 

Chlorine, manufacture of. 

Cleaning of rabbit and hare 
skins for felt. 

Cocoons, treatment of the 
envelopes of. 

Codfish, places for drying. 

Coke, manufacture of, in 
smoke-consuming furnaces. 




Injurious ema- 
nations. 



Accidental ema- 
nations. 



Fumes. 
Smoke, smell. 

Smell. 

Smell, danger of 
fire. 

Danger of fire. 
Smell. 

Accidental em- 
anations. 



Smell, danger of 
fire. 

Smell, danger of 
fire. 

Injurious ema- 
nations. 



Smell, injurious 
emanations. 

Smoke, dust. 

Smell, injurious 
emanations. 

Injurious ema- 
nations. 

Smell, danger of 
fire. 

Noise, dust. 

Smell. 

Smell. 

Smell. 
Smell. 

Pollution of wa- 
ter. 
Smell. 
Dust. 



Cooperage on a large scale, 
using casks impregnated 
with oily and putrescent 
matters. 

Currying establishments. 

Cyanide of J'otassium and 
Prussian Blue, manufac- 
ture of, by using matters 
previously carbonized, in 
close vessels. 

Dairies, on a large scale, in 
towns. 

Enamelled Ware, manufac- 
ture of, with non-smoke- 
consuming furnaces. 

Engines and Cars, shops for 
the construction of. 

Fdicn.ce, manufacture of, 
with non -smoke-consum- 
ing furnaces. 

Fat - rendering, establish- 
ments for, by water-bath 
or by steam. 

Felt, tarred, manufacture of. 

Fertilizers, depots of, mat- 
ters coming from night- 
soil or offal, dried or dis- 
infected, and in a covered 
storehouse, when the quan- 
tity exceeds 2.5,000 kilo- 
grammes. 

Fish, shops for salting and 
smoking. 

Forges and Boiler-works for 
large pieces, employing 
trip-hammers. 

Oas, for illuminating and 
heating, manufacture of, 
for public use. 

Glass (common, flint, and 
plate), manufacture of. 

Gold and Silver Laces and 
tissues, establishments for 
burning on a large scale, in 
towns. 

Green Leather and fresh 

hides, depots of. 
lllami.naling Fluids made of 

alcohol and essential oils, 

depots of. 
India liuhher, application of 

coats of. 
India liuhher, manufacture 

of, with essential oils or 

sulphide of carbon. 
Ivory Black and animal 

black (distillation of bones 

or manufacture of), when 

the gases are burned. 
Lamp black, manufacture of, 

by distillation of coal, tar, 

bitumen, etc. 
Limc-kilns, permanent. 



Character of Nui- 
sance. 



Noise, ^eU, 
smoke. 



Smell. 
Smell. 



Smell. 
Smoke. 

Noise, smoke. 
Smoke. 

Smell. 



Smell, danger of 

fire. 
Smell. 



Smell. 

Smoke, noise. 

Smell, danger of 
fire. 

Smoke. 

Smell. 

Smell. 

Danger of fire 
andexploaion. 

Danger of fire. 

Smell, danger of 
fire. 

SmelL 



Smoke, smell. 
Smoke, duat. 
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Mnrexide, manufacture of, 
in closed vessels, by the 
reaction of nitiic acid with 
the unc acid of guauo. 

NcaVH-foot Oil, manufacture 
of, when the matters used 
are not putrefied. 

Nitro-bdtzol^ Aniline, and 
matters derived from ben- 
zine, manufacture of. 

OU.id textures for packing, 
tissues, tarred cords, tar- 
red paper, bitumenized 
pasteboard and tabes, 
manufacture of. 

f>(7.s-, mixing by heat or boil- 
ing of, in close vessels. 

Oils of petroleum, schist and 
tar, essences and other hy- 
drocarbons used for light- 
ing, heating, manufacture 
of colors and varnishes, the 
scouring of cloth, and other 
uses. 

1. Depots of substances very 
inflammable, that is, with 
flashing-point below oS-" C. 
If the quantity over 150 
litres does not reach 1,050 
litres. 

2. Substances less inflamma- 
ble, that is, with a flashing- 
point of ;i5° C. or over. 
If the quantity stored over 
1,050 litres does not reach 
10,500 litres. 

Oiiioiin, drying of, in towns. 

I 'arch incut factories. 

Fcarlaah, with burning or 
condensation of the smoke. 

I\(U, carbonizatiou of, in 
close chambers. 

y'(V/s' J lairs and Ih-istlex, pre- 
paration of, without fer- 
mentation. 

Plaalcr-kilnit, permanent. 

J'orcetain, manufacture of, 
with non-smoke-consuniing 
furnaces. 

/'otash, manufacture of, by 
calcination of the residue 
of molasses. 

J'roloc/iloride o f Tin, or salt 
of tin, manufacture of. 

Jiijiiicrics and sugar-houses. 

licttinij. on a large scale, of 
hemp and flax, by the ac- 
tion of acids, warm water, 
and steam. 

Jioc, ilepots of liquid salted 
stiifl" known under the 
name of. 

Sal A/iimoniac extracted 
from the ammoniacal liquor 
of gas-works. 



Character of Nui- 
sance. 



Injurious ema- 
nations. 




Smell. 



Smell, injurious 
emanations, 
danger of tire. 

Smell, danger of 
ftre. 



Smell, danger of 
Are. 

Smell, danger of 
fire. 



Smell, danger of 
fire. 



Smell, danger of 
fire. 



Smell. 
Smell. 

Smoke, smell. 
Smell. 
Smell, dust. 



Smoke, dust. 
Smoke. 



Smoke, smell. 



Injurious ema- 
nations. 

Smoke, smell. 

Injurious ema- 
nations, pol- 
lution of wa- 
ter. 

Smell. 



Smell. 



Sal Anunoniac and sulphate 
of ammonia, manufacture 
of, by the use of animal 
matters. 

Salted Finh, depots of. 

Sardi?icf!, factories of pre- 
served, in towns. 

Sanmrjcx, manufacture of, on 
a large scale. 

Sil/c J/ats, or others prepared 
by means of a finish, 
manufacture of. 

Sla u(jhter-ho uses. 



Slops, extraction of the fats ^ 
contained in them for the I 
manufacture of soap and I 
1 other uses, in closed vessels, j 
I Starch, manufacture of, by 
i separation of gluten, and | 
without fermentation. | 
1 Stripping of hemp, flax, and 1 
jute, on a large scale. 1 
Sitlphatc o f Mercury, manu- 
j facture of, when the vapors \ 
are absorbed. i 
Sulphate of the Perotide of 
Iron, manufacture of, by [ 
the sulphate of the pro- 1 
j toxide of iron and nitric 
acid, nitro-sulphate of 
I iron. I 
Sulphate of Soda, manufac- 
I ture of, with complete con- 
densation of the hydro- 
chloric acid. 
Sidpliur, fusion or distilla- 
tion of. 

Tanneries. 

2arj)aulin.s, manufacture of, 
without boiling oils. 

Tars and fluid bituminous 
substances, depots of. 

7ars, treatment of, in the 
gas-works where they are 
produced. 

Tobacco, manufacture of. 

Tobacco-jjijjcs, manufacture 
' of, with non-smoke-con- 
suming furnaces. 

Torches, resinous, manufac- 
ture of. 

V(trnish, manufacture of, 
with spirit of wine. 
' Wood-charcoal, manufacture 
I of, in the open air, in per- 
I manent establishments, 
elsewhere than in the forest. 

In closed chambers, with the 
discharge into the air of 
the gaseous products of 
distillation. 



Smell, injurious 
emanations. 



Unpleasant 

smell. 
Smell. 

Smell. 

Danger of fire. 



Danger from 
the animals 
and smell. 

Smell, danger of 
fire. 



Pollution of wa- 
ter. 

Dust, noise. 

Injurious ema- 
nations- in a 
less degree. 

Injurious ema- 
tions. 



Injurious ema- 
nations. 



Injurious ema- 
nations, dan- 
ger of fire. 

Smell. 

Danger of fire. 

Smell,dangerof 
fire. 

Smell, danger of 
tire. 

Smell, dust. 
Smoke. 



Smell, danger of 
fire. 

Smell, danger of 

fire. 
Smell, smoke. 



Smell, smoke. 
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THIRD CLASS. 




Acid, Nitric, manvif acture of. 



Acid, Oxalic, manufacture of, 
by nitric acid, with de- 
struction of the injurious 
gases. 

Acid, Picric, manufacture 
of, with destruction of in- 
jurious gases. 

Acid, Pijroligneous, manu- 
facture of, when the gase- 
ous products are burned. 

Albumen, manufacture of, 
by means of fresh blood- 
serum. 

Alcohols, agricultural distil- 
lery. 

Alcohols other than from 
wine, without rectifying 
works. 

Anunouia, manufacture of, 
on a grand scale, by decom- 
position of ammoniacal 
salts. 

AnniumiacalCochitieal, man- 
ufacture of. 

Archil, manufacture of, in 
closed vessels, using ammo- 
nia to the exclusion of 
urine. 

Artificial Fuel, or bricks of 
coal, manufacture of, with 
dry resins. 

As2>halts, bitumens, resins 
and solid bituminous mat- 
ters, depots of. 

Bacon, shops for smoking. 

Sark-bcatlii;/ places in towns. 

J3leachin(j of threads and tis- 
sues of flax, hemp, and cot- 
ton, by the alkaline chlo- 
rides (hypochlorites). 

Hrewerics. 

Brick-inorks, with non- 
smoke - consuming furna- 
ces. 

Butto)i-nmkcrs and other 
stampers of metals by ma- 
chinery. 

Candles, manufacture of. 

Candles and other objects in 

wax and stearic acid. 
Candles of paraffin and 

others of mineral origin, 

moulding of. 
Castin;/ and rolling of lead, 

zinc, and copper. 
Cheese, depots of, in towns. 



Injurious ema 

nations. 
Accidental 

fumes. 



Injurious va- 
pors. 

Smoke, smell. 



Smell. 

Pollution of wa- 
ter. 

Pollution of wa- 
ter. 

Smell. 

Smell. 
Smell. 

Smell, • 



Smell, danger of 
fire. 

Smell, smoke. 
Noise, dust. 
Smell, pollution 
of water. 



Smell. 
Smoke. 



Noise. 

Smell, danger of 

fire. 
Danger of fire. 

Smell, danger of 
fire. 

Noise, smoke. 

SmelL 



Chloride of Lime, manufac- 
ture of, in shops making at 
the most 300 kilogrammes 
a day. 

Chromate of Potash, manu- 
facture of. 
Coal-vmsJiin(i places. 

Coffee, roasting of, on a 

grand scale. 
Copper^ brass, and bronze 

foundries. j 
Copper, cleaning of, with 

acids. ! 
Cotton and oily cotton, j 

bleach-works for the waste i 

of. _ j 

Cow-yards, in towns of more 

than 5,000. | 
I 

Distilleries in general, bran- j 
dy, gin, cherry-brandy, ab- i 
sinthe, and other alcoholic ' 
liquors. j 

Drng-mills. 

Dyeing of Leather, shops for. j 
Dyers. j 



Earthenware, manufacture 
of. with non-smoke-con- 1 
suming furnaces. | 

Enamel, application of, to \ Smoke, 
metals. i 

Enamelled Ware with smoke- 
consuming furnaces. 

Enamels, manufacture of, 
with non-smoke-consuming 
furnaces. 

Faience, manufacture of, 
with smoke-consuming fur- 
naces. 

Farina factories. 



Smell. 



Smell. 

Pollution of wa- 
ter. 

Smell, smoke. 
Metallic fumes. 

Smell, injurious 
emanations. 

Pollution of wa- 
ter. 

Smell, and 

drainage of 

urine. 
Danger of fire. 



Noise, dust. 
Smell. 

Smell, pollution 

of water. 
Smoke. 



Fattening of poultry in 
towns, establishments for. 

Felt Hats, manufacture of. 

Fe)-tilizers,depdtfi of, matters 
coming from night-soil or 
offal, dried or disinfected, 
and in covered store- 
houses, in quantity less 
than 2.5,000 kilogrammes. 

Fire wood yards, in towns. 



Accidental 

smoke. 
Smoke. 



Accidental 
smoke. 



Flints, furnace for calcina 
tion of. I 

Foundries for second melt- | Smoke, 
ing. i 



Smell, pollution 

of water. 
Smell. 

Smell, dust. 
Smell. 



Injurious ema- 
nations, dan- 
ger of fire. 
Smoke. 
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Business. 



FreczhKj AiJparatux, with 
ammonia. 

Freez'uKj Apjfaraius, with 
ether or other related and ! 
combustible liquids. ] 

6'«A', for lighting and heating, | 
manufacture of, for private ' 
use. I 

Oasometers for private use, 
not adjoining the manufac- | 
tories. i 

<t'elaliiie for food, and gela- 
tine from white skins and j 
fresh skins, untanned, i 
manufacture of. | 

■(iilding and silvering of j 
metals. 

Olaxs-works (common, flint, 
and plate) with smoke- 
consuming furnaces. 

^iold and Silver Beaters. 

■{>'old.sniilhs' Ashes, treatment 
of, by lead. 

(riiaiio, depots of, when the 
quantity exceeds 25,000 
kilogrammes. . 

CiKDiQ for sale at retail. 

Jlerrmg, smoking of. 

Hungary Leather, ma,nufac- 
ture of. 

Japanned Plate and metals. 

Leather-beating, hammers 
for. 

J.eather-dressing works. 
Linie-kilm, running not over 

a month a year. 
Litharge, manufacture of. 
JIassieol, manufacture of. 

jlfills for grinding plaster, 
lime, flints, and puzzolana. 

JTuicral Black, manufacture 
of, by crushing the residue 
of the distillation of bitu- 
minous schists. 

Morocco Leather works. 

jYitrate of Iron, manufacture 
of, when the injurious va- 
pors are absorbed or de- 
composed. 

Oiled Textures for packing, 
tissues, tarred cords, tar- 
red papers, bitumenized 
pasteboard and tubes, 
worked with heat. 
Worked cold. 

Oils, reflning of. 

Oil-works or oil-mills. 
Olives, preserving of. 

Paper, manufacture of. 

Paper Pulp, preparation of, 
from straw and other com- 
bustible matters. 

I'asteboard-ma^mg. 

Pastehoa rd Snuff-boxes, man- 
ufacture of. 




Character of Nui- 
sance. 



Smell, 



Danger of ex- 
plosion and 
tire. 

Smell, danger of 
tire. 

Smell, danger of 
fire. 

SmelL 



Injurious ema- 
nations. 
Danger of fire. 



Noise. 

Metallic fumes. 



Smell. 



Smell. 
Smell. 
Smell. 

Smell,danger of 
tire. 

Noise, concus- 
sion. 
Smell. 

Smoke, dust. 

Injurious dust. 
Injurious ema- 
nations. 
Dust. 

Smell, dust. 



Smell. 

Injurious ema- 
nations. 



Smell, danger of 
tire. 



Smell. 

Smell, danger of 
fire. 

Smell, danger of 
tire. 

Pollution of wa- 
ter. 

Danger of fire. 
Pollution of wa- 
ter. 

Smell. 

Smell, danger 
of tire. 



Character of Nui- 
sance. 



Perchloride of Iron, manu- 
facture of, by dissolving 
peroxide of iron. 
Plaster-kilns, not running 
more than one month a 
year. 

Porcelain, manufacture of, 
with smoke-consuming fur- 
naces. 

Protosiil2)hatc of Iron or 
green vitriol, manufacture 
of, on a large scale, by the 
action of sulphuric acid on 
iron-filings. 

Puzzolana, artiticial, furnace 
for. 

Rags, depots of. 
Red Cyanide of Potassium, 
or red prussiate of potash. 
Red Lead, manufacture of. 

Salt of Soda, manufacture 
of, with sulphate of soda. 



Inj arious ema- 
nations. 

Smoke, dust. 



Accidental 
smoke. 

Smoke, injuri- 
ous emana- 
tions. 



Smoke. 
Smell. 

Injurious ema- 
nations. 
Injurious ema- 
nations. 
Smoke, injuri- 
ous emana- 
tions. 
Smell. 



Salted JtTeats, depots of, in 
towns. I 

Salting and preparation of Smell, 
meat. I 

Scald ing-/ionses, for the | Smell, 
preparation of parts of ani- 
mals tit for food. 

Sealiw)- Wax, manufacture Danger of fire, 
of. 

Shee2iskins, drying of. 
Silvering of mirrors. 



Soap Factories. 

Spin7iing of cocoons, shops 
in which it is done on a 
large scale, i. e., employing 
at least six spindles. 

Sponges, washing and drying 
of. 

Steel, manufacture of. 

Sulphate of Iron, alumina 
and alum, manufacture of, 
by the washing of roasted 
pyritous and aluminous 
earths. 

Sul2)hur, powdering and sift- 
ing of. 
Tan-mills. 

2'hranliing,caxAmg and clean- 
ing of wool, hair, and bed 
feathers. 

Tile Works, with non-smoke- 
consuming furnaces. 

Tinned //•«;*, manufacture of. 

Tobacco-j) ipes, manufacture 
of, with smoke-consuming 
furnaces. 

Wadding, manufacture of. 

Wash-houses. 

Waste of thready matters, 
depots of, on a large scale, 
in towns. 

Whalebone, manufacture of. 



Smell, dust. 
Injurious ema- 
nations. 
Smell. 

Smell, pollution 
of water. 



Smell, pollution 

of water. 
Smoke. 

Smoke, pollu- 
tion of water. 



Dust, danger of 

fire. 
Noise, dust. 
Smell, dust. 



Smoke. 

Fumes. 
Accidental 
smoke. 

Dust, danger of 
fire. 

Pollution of wa- 
ter. 

Danger of fire. 



Unpleasant em- 
anations. 
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Business. 


Character of Nui- 
sance. 


i 

Busiues.s. 


Character of Nui- 
sance. 


White Lead, manufacture of. 

Wire-drawing works. 
Wood-charcoal, depots of, in 
towns. 

Wood-charcoal , manufacture 
of, in closed chambers, 
with combustion of the 
gaseous products of dis- 
tillation. 


Injurious ema- 
nations. 
Noise, smoke. 
Danger of fire. 

Smell, smoke. 


Woollen Thread, scraps and 
waste of spinnings of wool 
and silk in towns, special 
works for the beating and 
washing of. 

Wool-washing places. 

Zinc- \Mi ite, manufacture of, 
by combustion of the met- 
ai. 


Noise, dust. 

Pollution of wa- 
ter. 

Metallic fumes. 



For convenience in treatment I shall divide public nuisances into three 
classes, viz. : Offensive Trades, Offensive Processes, and Other Nuisances 
(including all nuisances of so heterogeneous a nature that they cannot be 
readily classified under a less general heading). Under each of these 
headings I shall classify nuisances according to the predominant offensive 
characteristic, i. e., the chief quality on account of which they are looked 
upon as nuisances. Most of them can thus be brought under the headings 
of smell, fidiies, dust, smoke, or noise. Under some of these headings, 
again, are further subdivisions Avhere the mass of material seemed to re- 
quire them. This system of classification gives rise to the following- 
scheme of treatment : 



I. — Offexsive Trades. 



Those businesses in which the substances dealt with are offensive, or 
may become so as a result of mechanical manip\dation. 



1. Smell: \ 



Horses, cattle, pigs, sheep, goats, poul- 
a. Keeping of living animals : \ try, fancy fowls and birds, rare ani- 
mals, dogs. 

h. Killing of animals : Cattle, pigs, sheep, calves, poultry, other animals. 

{ Manure, olfal, night-soil, 

J 1, ji- c • 1 i.4. I bones, hides, fertil- 

c. Storage and haudlmg or animal matters : ■{ ■ V ^ j u 

° j izers, hoots and horns, 

[ cheese, fish, oil, eggs. 

,1 « u u vpo-ptable " . i Fruits, vegetables, essen- 

d. ^egetaDie . -j tj^i oils. 

e. " " mineral " : Oils. 

/. • " " " mixed " : Rags, kitchen refuse. 



2. IkLst : Sand-blast, caqjet-cleaning, hair-picking, street-sweeping. 

3. Noi&e : Street-vending, street-music, junk-dealing. 



IT. — Offensive Processes. 



Those businesses in which the substances dealt with are offensive as a 
result of chemical maniimlation. 
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a. Manufacture of animal substances ; 



1, &meO.: \ 



vegetable 



.'' Fat-rendering, lard-refining. 
I soap-making, glycerine-retiu- 
! ing, gut-cleaning, bone-boil - 
"l iug, tripe-boiling, blood-boil- 
I ing, pork-packing, tanning. 
[ glue-making, shell-burning. 
^ Brewing, gas-making, distil- 
•: ling, sugar-refining, vinegar- 
( making, varnish-making. 
Cooking. 



" mixed " 

Manufacture of chemicals, glass-works, potteries, bleaching-works, brick- 
making, smelting, refining, assaying, jewelry raamifacture. 
Dust : Plaster- burning, lime-burning, coffee-roasting. 



2. Fumes 
3 



III. — Other Nuisaxces. 



1. SmeU: ■{ 
I 



b. Gases of decomposition : ■{ 



f a. Dead bodies : Human (contagiovis), lower animals. 

[ From privy-vaults. 

ventilating shafts and pipes. 
I sewer openings. 

1^ I " street-gutters. 

2. Infectiousnefis : Cemeteries, prostitutes, diseased animals. 

3 Dane erousueis • ^ Unprotected stairways and areas, buildings in course of erection, 

" ' ' / swinging signs, ferocious animals. 

4 Smoke • ^ Box-factories, planing-mills, foundries, forge.s, potteries, dye-houses, 

( sugar-refineries, breweries, ordinary chimneys. 

Railroads, factories, machine-shops, forges, boiler-works, steam- whistles, 
exhaust-pipes, bells, fireworks, paved streets. 



5. Noise. 



This classification, like all others of the same character, is necessarily 
imperfect, for many of the businesses mentioned above are nuisances in 
more ways than one, and individuals mig'ht easily differ as to which of the 
bad qualities was the most objectionable. A thoroughly scientific classi- 
fication will be found to be impossible. 



I. — Offensive Trades. 

Those btisinesses in v^hich the substances dealt tvith are offensive, or 
may become so as a result q/" mechanical manipulation.' 

The only subjects brought under tliis heading, which would not natu- 
rally fall under it according to the above definition, are those in the third 
division, viz. : Street-vending, street-mmic, and junk-dealin<j. As they 
are to be considered trades, however, and cannot well be placed under the 
other headings, they are put here, at the risk of some apparent incon- 
gruity. 

1. Trades which are objectionable on account of tJie unpleasant smells 
caused by them. 

a. Keeping of Living Animals. 

Horses. — The keeping of horses is not likely to cause a nuisance in the 
country. The stables are generally at a considerable distance from the 
house, so that the odors from them are not perceived, and there is a con- 
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Stant circulation of fresh air about thetn. Accordingly we find that, 
although the horses of the wealthy are housed in well-drained, well-ven- 
tilated stables, with proper facilities for the disposal of manure, the farm 
and village stables are carelessly built and kept. The drainage is often 
poor, and the wooden floor is cracked or imperfectly jointed, so that the 
urine runs through and soaks into the earth beneath. The manure is 
often thrown out of the window or door, and forms a large pile, on which 
other kinds of refuse are often dumped, so as to form a compost-heap. 
This may remain gradually accumulating, until spring or fall, when, hav- 
ing fermented meanwhile, it is spread over the fields. 

In a thickly populated place the sanitary condition of stables is a mat- 
ter of more importance. And even here too little attention is paid to 
drainage and the disposal of manure. The rich man's stable is often a 
horse-palace, the floors being of stone or hard wood, the drainage being 
as nearly perfect as possible, and the manure being removed daily or 
kept in such a situation as to be inoffensive. But the stables of a lower 
class leave much to be desired. They may consist of a mere wooden shed, 
in the rear of a tenement-house, with an imperfect wooden floor, through 
which the liquid filth passes and oozes out ijito the yard around the bot- 
tom of the building. The stable, being built in a confined space, is often 
badly ventilated, and this condition is rendered worse by the fact that the 
owners of horses are so afraid of thieves, that they do not construct win- 
dows of sufficient size. I have often seen cartmen's stables wliere the 
animals were only supplied with fresh air through the cracks and knot- 
holes in the sides of the shed. The manure is occasionally thrown into a 
heap in the yard, until enough has accumulated to make a cart-load, when 
it is removed. It is the rule, however, in New York, to put the manure 
in a covered vault or box, which is emptied as often as it gets full. There 
is great carelessness in the management of these boxes or vaults, and the 
cover is often left open day and night, when the vapors from the ferment- 
ing contents are very annoying to neighbors. Sometimes the greater 
part of a lot is occupied by small stable-sheds, placed side by side, only 
the central yard being paved and drained, and in such cases the nuisance 
is of course intensified. 

The ground beneath the floors of these common stables is graded toward 
the yard, and all urine or water is svipposed to run toward the central drain. 
But beneath wooden floors, and in uncemented or unpaved sub-spaces, 
rats are apt to make their nests, and the paths or " rat-runs " made by 
them are as likely to tend in one direction as another. They frequently 
extend toward the wall of an adjacent house, and may divert the current 
of urine in that direction. When this occurs, it is not generally long be- 
fore a wet stain appears on the inner surface of the house wall, and the 
fluid may even work its way so as to run at times in a stream, and be a 
terrible nuisance. 

The chief nuisance caused by a horse-stable is the smell, which, to 
many persons, is intensely disagreeable. This odor is due largely to am- 
monia, wliich is formed by the decomposition of the urine; but there are 
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also present in the air of stables undetermined organic matters, which 
give it its characteristic quality. The odor is quite pungent, and clings 
to porous fabrics with extreme pertinacity. One might endure the smell 
for a time, but to be followed persistently by it, after even a short ex- 
posure, is too much for the patience of most people. Hence, a stable has 
always been considered a nuisance when in innnediate proximity to a 
dwelling. 

While it is true that a certain degree of offensiveness is necessarily 
connected with a horse-stable, it is also true that the nuisance is much in- 
creased by certain preventable causes. These are, lack of cleanliness, 
deficient drainage, and bad construction of the stable with poor or unsuit- 
able material, and insufficient ventilation. A stable where the manure is 
heaped up in the open air, exposed to wind and rain, where the space be- 
neath the flooring is filthy with rotting straw and decomposing urine and 
manure, or where the drainage is deficient or obstructed, or the yard 
badly paved, so that pools of stagnant filth stand here and there in the 
sun, affords the greatest contrast possible to one where none of these bad 
conditions exist. 

Lastly, the horses may make such an incessant noise with their stamp- 
ing and neighing, especially in summer, when flies are about, that people 
living near by may be deprived of their sleep. 

Of the effect of the emanations from horse-stables on the public 
health, little is known with certainty. It is a very common belief, 
especially with hostlers and stablemen generally, that exposure to the air 
of a stable benefits healthy persons and cures sick ones. The diseases 
which, it is claimed, are benefited in this way are pulmonary ones, and, 
so far as I am aware, no others. It is possible that the small amount of 
annnonia always present in such an atmosphere may act as a gentle local 
irritant to the respiratory mucous membrane, and in this way induce a 
healthier action when catarrh exists. The subject is perhaps worthy of 
investigation. I can suggest no other quality of stable air at all likely to 
be beneficial. It certainly cannot be of advantage to inhale hair, frag- 
ments of epithelium, scurf, ovules, fungi, and odorous organic matter, all 
of which Sigerson found in his examinations of such air. A number of 
physicians whose reports are published in the Report of the Council of 
Hygiene of the Citizens' Connnittee of New York, in 18GG, gave it as 
t heir decided opinion that erysipelas and diphtheria were more prevalent 
and more fatal in the vicinity of badly-kept stables than elsewhere. 

In order to render a horse-stable as slight a nuisance as possible, atten- 
tion must be ])aid to ventilation, drainage, cleanliness, and the disposal of 
manure. 

In a close stable, as in a close room filled with human beings, the pecu- 
liar animal odor is not onh' intensified, but becomes more offensive. This 
seems to indicate that the volatile nitrogenous compound (as it probably 
is) is of an unstable nature, and rapidly decomposes or in some way 
changes its qualities, under the influence of heat and moisture. There 
should therefore be abundant means for the access of fresh air and the re- 
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moval of foul, by doors, -svindows, and shafts, and there should be abun- 
dant air-space for each animal. Cameron says a horse requires 2,000 
cubic feet of air-space and 100 square feet of floor area, and this is surely 
not a hig-h estimate for an animal five or six times as large as a man. 

The floor and drains are very important points. Flooring may be 
made of wood or of natural or artificial stone. The objection to wooden 
flooring- is that it absorbs moisture, and so becomes saturated with urine, 
and can never be cleaned so that it will not emit an ammoniacal odor. 
The objection to stone flooring is that it is too good a conductor of heat, 
and a stable paved with it is apt to be chilly and uncomfortable for the 
horses. Moreover, in the city, where horses are employed on stone pave- 
ments during the day, it must be a relief to tread upon a warm, elastic 
wooden floor after their work is over. It would seem on the whole that a 
wooden floor is preferable, if carefully constructed. It should be made of 
a resinous pine, or of pine saturated artificially with oil or tar, so as to be 
non-absorbent, and the joints of the planks should be thoroughly caulked. 
The floor of the stalls themselves should be raised an inch or so, to allow 
of proper drainage, and along their rear should run a surface-drain, well 
made of cement, and discharging its contents into the manure-vault or 
into a sewer, preferably the former. 

If a harder floor be desired it may be made of flag-stones, or square 
or oblong blocks of trap-rock, always laid in cement or concrete, so as to 
have perfectly tight joints. Flag-stones are liable to crack or break, or 
to become sunken at one side, and thus render the floor irregular, and 
cause trouble with the drainage. It is much better to lay the entire 
floor of cement or concrete, and bricks set on edge in cement may do 
very well. Ballard recommends, as the best flooring for horse-stables he 
has ever seen, a patent cement made by Wilkinson & Co., of Newcastle, 
consisting of Portland cement and roughly-ground stone or granite clip- 
pings run upon a basis of brick-bats. In any case the surface-drain for 
urine should be made of cement, so as to be jointless and impervious to 
moisture. Asphalt is too soft for such a purpose, and cobble-stones are 
difficult to clean. 

In the country the stable-yard need not be paved ; but in the city an 
unpaved yard soon becomes filthy with mire, churned up with urine and 
manure, and very offensive. A yard should be paved with brick or blocks 
of stone laid in cement. If there is a hydrant in the yard, and great 
cleanliness is observed, a pavement of cobble-stones laid in cement or 
concrete will answer, and horses do not slip on it. The surface of the 
yard should be graded towards a drain, which carries all surface liquids 
into the sewer. 

If the wooden floor of the stable is not perfectly tight, the surface 
of the ground beneath should be cemented or concreted, and to ren- 
der a nuisance from leakage impossible, any adjacent wall should be 
cemented to a height of at least eighteen inches. The cemented surface 
should be graded toward a surface-drain, which discharges all leakage 
from the floor above out into the yard. 
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Cleanliiu'ss is very necessary wherever animals are kept. With the 
exception of dogs and cats, who can be educated in this respect, domestic 
animals respond to the calls of nature wherever they happen to be. The 
manure and urine must therefore be frequently and thoroughly removed 
to some place remote enough from the stalls, so that the animals shall 
not be compelled to breathe an atmosphere contaminated by the products 
of decomposition. 

The greatest danger connected with the compost-heap of country 
places is the pollution of wells and cisterns. This is more fully treated of 
elsewhere. i 

In populous localities the proper disposal of manure brings up some 
difficadties. Fermentative changes do not, as a rule, set in within twenty- 
four hours after the excreta leave the body, and, therefore, it is apparent 
that all nuisance due to them would be obviated by removing the manure 
daily. Daily removal, however, entails increased expense, and is difficult 
to enforce in a large city where there are some thousands of stables, un- 
less the removal is urulertakcTi by the municipal authorities. Moreover, 
the smell of the freshly deposited excreta is unpleasant, and frequently 
has to be controlled by disinfectants. Tn Germany, according to Layet, 
the perchloride of iron is sprinkled upon the mass. This not only disin- 
fects it, but adds to the value of the manure. In France the phenol com- 
pounds and annnoniaco-magnesian phosphates are used for the same pur- 
pose; while the English avail themselves of the deodorizing properties of 
McDougall's powder, a mixture consisting principally of lime carbolate 
and magnesium hyposulphite. In New York the disinfectant in common 
use for this pur{)oso is "dead oil," an impure carbolic acid. 

If manure is allowed to accumulate on the premises, it must be stored 
so as to emit as little odor as possible. Ballard recommends that the 
atmosphere should have free access to all parts of the deposit, and that the 
liquid matters be drained away. The plan of removing the liquid parts 
uiuloul)tedly renders fermentation more tardy, but it is open to a decided 
economical objection, viz., that the manure by this treatment loses its 
most valuable fertilizing properties, and its commercial value is diminished. 
In New York every stable is required by the Sanitary Code to have a manure- 
vault of not less than sixty-four cubic feet capacity, and provided with a tight 
cover. This receives both the manure and the urine. It should be lined with 
brick laid in cement, and may or may not be drained by a sewer connec- 
tion. In the poorer class of stables, instead of an underground vault, a 
box is built above ground, of about the same capacity, and also fitted 
with a tight cover, which is always to be kept closed. In such cases the 
urine is drained into the yard, and thence into the sewer, excepting so 
much as may be taken up and retained by capillary attraction in the litter 
and manure. The offensiveness of horse-stables is considerably reduced 
by the use of these closed receptacles, and may be still further reduced 
by sprinkling the contents with very dilute sulphuric acid, which fixes 
the ammonia. The noise caused by the stamping and neighing of the 
horses cannot l)e controlled. If the walls are thick and properly dead- 
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ened, it will be somewhat reduced ; but, as a rule, no stable should be per- 
mitted so near a dwelling- as to interfere with the sleep of the tenants. 

Cattle.— C-dtt\e are kept in stables or yards for domestic purposes, or 
to serve as food. In the former case any nuisance caused is a perma- 
nent one, in the latter a temporary one repeated at intervals. The former 
are mostly kept in the country, and the latter in or near the citj', in the 
yards attached to slaughter-houses. 

It is much more difficult to keep a cow-stable in a cleanly and inoffen- 
sive condition than a stable for horses, and this is principally on account 
of the semi-fluid character of the manure. In the country the filthy 
appearance of the cow-yard is familiar to most people. It is filled to a 
depth of several inches, or even a foot or more, with mud mingled with 
manure and urine, and in its centre is often a nasty pool of filthy water. 
The surface is scraped once or twice a year, and the scrapings spread over 
the fields. The horses and cattle are kept in the same barns, and the 
manure from the latter, so far as it is dropped in the stable, is thrown 
upon the compost-heap. The general construction of such a stable has 
already been described. 

In the city, milch-cows are kept to some extent. Wealthy persons 
sometimes keep a single cow, and generally in an unobjectionable man- 
ner. In New York some of the poor people have two or three cows, 
and try to eke out a living by selling their milk. They are kept in 
low, close, badly-built sheds, with ill-drained yards, and are often badly 
crowded. They are fed largely on distillery mash, and are liable to be in 
poor health and to give an inferior quality of milk. The emanations from 
such stables are not always offensive, but the bad quality of the milk that 
comes from them is a constant source of detriment to the public health. 

On the outskirts of large cities are often extensive yards, where hun- 
dreds of cows may be kept for the sake of their milk. These are kept in 
better condition than most of the small private stables, have well-paved 
and well-drained yards, and are frequently swept and washed. But, as 
land near a city is valuable, the animals are necessarily overcrowded, and 
they are also fed on distillery mash, or the residue of the grain after the 
brewer has got through with it. 

Large sheds are conjiected with all abattoirs and slaughter-houses for 
the reception and maintenance of cattle before they are killed for food. 
They consist generally of large, low-roofed structures, with yards joaved 
with wood, brick, or stone, and supplied with troughs for fodder. The 
yards are drained into the sewer, and washed daily. 

The cow is emphatically an out-of-door animal. In the country she 
wanders through spacious pastures or chews her cud quietly in a large 
barn-yard or a roomy stall, and has good food and plenty of pure, fresh 
air. Little need be said on the construction of country barns in addition 
to what has been already written. The pollution of water is the thing 
most to be guarded against. 

In the city the case is different. Cow-stables are necessarily crowded, 
and cows, according to Fleming, suffer from overcrowding much more 
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than men and the carnivorous animals do. The distillery grain upon 
which they are fed is believed by almost all scientific men to be an unwhole- 
some and unnatural diet. In Europe it is charged with producing gas- 
tric troubles, and, if acid, as it frequently is, it is said to cause diarrhtiea, 
enteritis, and, if long continued, a pruriginous affection of the posterior 
limbs. In Belgium it is looked upon as one cause of the contagious 
pleuropneumonia of cattle (Fleming). In New York and Brooklyn, 
cows have been found in the most frightful physical condition, with pus- 
tules and ulcerating sores on their teats and udders, with skin covered 
with scabs, tails rotted off to a stump, and sometimes suffering from in- 
ternal organic disease, and apparently almost dying — miserable, half- 
starved creatures. And yet the thin, blue milk that could be squeezed 
from them was sold for food. Owing to the efforts of the New York and 
Brooklyn Boards of Health and the phiiozoic energy of Mr. Henry Bergh^ 
these effects of poor food, overcrowding, and bad ventilation are now 
happily rare. 

Little is positively known of the effect of the emanations from cow- 
stables on the })ublic health. I cannot forbear, therefore, giving a para- 
graph in full, which Dr. Ballard quotes from a previous report by Dr. 
Buchanan. He says: " The sanitary statistics of nearly six years were 
examined with reference to one particular cow-house, that is, in Stacey 
Street, which was so situated that its influence on health could be meas- 
ured. The end of Stacey Street at which the cow-house is situated would be 
ex-pected, jn'imaXcicie, to have sanitary advantages over the other end which 
abuts on the middle of Dudley Street, a neighborhood unhealthy be- 
yond most other parts of the parish of St. Giles. Now, on an analysis of 
the mortality, it was found that, three houses excepted, there had been an 
average of three deaths in each inhabited house, and in none a higher 
mortality than six in the six years. But in the three houses, Nos. G, 7, 
and 9, there had been an average of 10 deaths each, viz.: in No. G, 7 
deaths, in No. 9, 9 deaths, and in No. 7, actually 14 deaths in the period 
under examination. Now, No. 7 is the house most directly connected 
with the cow-sheds; Nos. G and 9 are the two houses flanking it. No. 8 
consists only of workshops, and the entrance to the cow-yard. In these 
three houses, Nos. G, 7, and 9, 30 deaths occurred, while the other fourteen 
inhabited houses had only 40 deaths between them. The only two fever- 
deaths in the street were in these houses abutting on the cow-yard. Three 
out of the five deaths from diarrhoea were in them. Out of 10 deaths 
from acute lung disease which follow the zymotic deaths in their distribu- 
tion and depend upon similar impurity of air, 8 occurred in these three 
houses." 

In consideration of the facts that, with the present facilities for trans- 
portation, milk can be brought into the city from great distances; that city 
cows are always overcrowded and deprived of their natural light and ex- 
ercise; that they cannot have their natural food of grass and herbage, and 
are almost always supplied with unwholesome and unnatural food; that 
they are dirty animals, and their stables are with difficulty kept clean, and 
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never can be as neat as a liorse-stable — it is my opinion that cows should 
be entirely banished from every < ity, and only allowed under exceptional 
circumstances, when a wealthy man is able to afford a single animal the 
pasturage and freedom of motion which her health requires. 

If cows are kept in the city, the stables should be constructed with the 
same care and regard for proper drainage and cleanliness as the stables 
for horses. A cow requires, according to Cameron, 1,500 cubic feet of 
air-space and 100 square feet of floor-space. They rarely get as much as 
this, for their keepers claim that if their stalls are large enough for them 
to turn in, they will strangle themselves with the halter. The cemented 
surface for drainag-e needs to be wider than in a horse-stable, on account 
of the semi-fluid droppings, which may often have to be swept along the 
drain. Ballard thinks that the best paving for cow-stables is made of 
asphalt or iron-stone brick laid in cement, or of cement alone. If these 
hard materials are used, the space near the head of the stalls must be left 
inipaved or covered with plank, for the cows are apt to bruise their knees 
on stone. 

Manure should never be allowed to remain inside of tlu^ stable, as the 
vapors emanating from it add greatly to the impurities of the atmosphere. 
During the prevalence of pleuropneumonia among cattle in Islington in 
1857, Dr. Ballard found that " while eight out of thirty-one sheds in 
which the manure was not stored within the shed had had cases of lung 
disease, as many as eight out of eleven in which the dung was stored 
within the shed had had cases of it. And as respects cattle-plague in 
1865, I found generally that, while (36 per cent, of the sheds in which the 
manure was not stored Avithin the shed were invaded by the disease, as 
many as 91 per cent, of those in which it was so stored were invaded." 
These figures are significant enough, though the storing of manure within 
the shed is itself indicative of crowded quarters, which may have had some 
effect on the prevalence of the disease, aside from the question of manure. 

If distillery grain is used for food, great care must be taken to have it 
fresh. When acetous fermentation takes place, a very offensive smell is 
created, which extends to quite a distance from the stable, and gives rise 
to a veritable nuisance. It is also desirable to have the feeding-troughs 
made of stone or iron, so that they can be easily and thoroughlv cleaned, 
as wooden ones are liable to become sour. 

Cattle-sheds connected with slaughter-hoxises should always be paved 
with brick or stone well laid in cement. Many of those in New York are 
planked, but the incessant tread of so many feet wears the surface into 
splinters, and such a floor is always difficult to keep clean. The best 
pavement seems to be the Belgian, formed of trap-blocks five or six 
inches square, laid in cement. The yards should be well fenced in, as 
well as the approaches, to prevent the escape of cattle into the public 
streets — a caution very necessary in this country, where so many of the 
animals are brought from the Western plains, and are often unmanageable. 

I-*lf/s. — These animals are kept only for food. Excepting at the West, 
Avhere they are allowed to roam about in herds and obtain food where 
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tliey can find it, they are kept in pretty close confinement. The pig is 
commonly supposed to be very filthy in his habits, and a pig-sty is pro- 
verbially nasty. As a rule this supposition is not belied by the facts. In 
country places, where only a few are kept at a time, the sty is cleaned 
only once a year or so, and there is often a mass of filth a foot deep 
spread over its bottom. The kitchen refuse, or swill, containing both 
animal and vegetable matter, is given them for food. The mess is often 
allowed to accumulate and undergo fermentation before it is used, and 
emits most nauseous odors. When the time for fattening arrives, to be 
sure, he is better fed, and spends the latter part of his life luxuriating on 
nmsh and molasses, or its equivalent. The wooden troughs in which the 
.swill is poured become saturated with the fluids, and give forth a sour, 
disgusting smell. The hog-yards attached to the slaughter-houses in 
cities differ little from those already described as occupied by cattle. 

Pig-stys are usually placed at a considerable distance from the dwell- 
ing, and are not in the country much of an annoyance. The odor, how- 
ever, of large hog-yards in cities is peculiarly disgusting, and is sometimes 
carried by the wind to a considerable distance. Hog-yards may also con- 
stitute a nuisance on account of the incessant squealing of the animals. 
For both these reasons they should always be far removed from dwellings. 

Hog-yards or piggeries, whether large or small, should be well paved, 
])referably with asphalt or cement. They should be graded so that fluids 
will not forms pools on the surface, and in the city the liquids may 
be drained into the sewer. The manure and dirt should be removed 
daily, and the 3'ard washed. The feeding-troughs should be made of iron 
or stone, as they should for all animals that are fed on matters that are 
liable to ferment or putrefy. And if the pig be fed on good food instead 
of swill, be regularly groomed and washed, so that his skin is kept free 
from scurf, and is given a clean place to live and sleep in, the owner will 
he amply repaid for his trouble by the better quality and larger quantity 
of the pork. 

Pigs should never be kept in thickly populated localities, for they 
constitute a nuisance with no compensating advantage. They are not 
allowed in the city of New York, excepting as kept by isolated squatters 
in the suburbs, and even then under constant supervision, and only when 
a written permit has been obtained from the Board of Health. 

Sheep. — These animals are remarkably quiet and inoffensive, and 
rarely constitute a nuisance. In large stock-yards, where they are herded 
by hundreds or thousands, they cause some smell, but it is not of a pene- 
trating quality, and does not travel far. Their excreta are easily removed, 
and are not offensive. Sheep-yards connected with slaughter-houses 
should be paved with asphalt or cement, and graded and drained as in 
other cases. A wooden floor, however, can be kept in pretty good con- 
dition as regards cleanliness and repair. 

Goats. — Goats are kept for their milk, and are frequently found in 
cities. As they are not kept in large numbers, the hircine smell does not 
become very perceptible; and as they make little noise, are cleanly in their 
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habits, and make very little dirt, they rarely constitute a nuisance, ex- 
cepting by their rapacity. They are hardy, energetic animals, very 
courageous, and disposed to be on familiar terms with mankind, and of a 
roving and inquisitive disposition. Moreover, they can live on the most 
frugal diet, and seize upon everything eatable they can find, from starched 
clothing down to kitchen refuse and brown paper. Their voracious habits 
render them public nuisances, often of the most aggravated kind. They 
should, therefore always be tied; but as they need considerable exercise, 
they may be allowed as much rope as possible without exposing the 
property of others to their depredations. 

Poultry. — One who has only seen poultry kept in the country, where 
the only nuisance attributable to them is the scratching up of seeds, can 
hardly realize what a terrible nuisance they may cause in the city. 
Where many fowls are huddled together in contracted quarters, they keep 
up an incessant clucking and cackling, and the odor that rises from them is 
overpowering. In New York the Board of Health has carried on a strug- 
gle for some years, with occasional breathing-spells for both combatants, 
against the practice of keeping poultry for sale in the manner practised by 
the Polish and Russian Jews. On the plea that their religion requires 
them to eat only those fowls that have been killed in their sight by a killer 
authorized under their ritual, they fill the places where they live with 
chickens, turkeys, ducks, and geese. These poor fowls are huddled to- 
gether in coops, or crowded into pens, generally in the basement of the 
house, and make an incessant noise. The smell, too, from fifty or a hun- 
dred geese, is indescribable and intolerable. And yet these people live in 
an adjoining room, and wonder that any person finds their practice ob- 
noxious. The floor, of course, is soon covered with the excreta of the 
poultry, and, as the owners have always been used to living in filth, they 
would never think of cleaning the rooms, unless forced to do so by the 
sanitary authorities. As it is, all cleansing is done in the most perfunc- 
tory manner, and there is no real abatement of the nuisance from one 
year's end to the other. Of all fowls, geese are the most objectionable, both 
on account of their odor and noise. Chickens are often allowed to run 
loose about the yard. They are apt to dirty window-sills and railings, and 
in the morning wake the neighborhood at an unseasonable hour with 
crowing. 

Poultry should not be allowed to be sold in the city outside of a 
properly-constructed market. They should be kept in spacious coops, 
with the bottoms well sprinkled with sawdust, which will absorb all 
moisture, and render the daily cleansing of the coops much easier than it 
otherwise would be. A trough should run along the outside of the slats, 
to hold water, and another for grain. If the corn is put in a vessel inside 
the coop, much of it will be wasted in the sawdust. The market should 
be well-ventilated, as the air of a place filled with poultry rapidly becomes 
close and offensive. 

Fancy fov^ls and birch. — With the exception of mocking-birds, pea- 
cocks, and parrots, birds are not nuisances, unless they are gathered to- 
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g-ether in large numbers, as in the shops of dealers. Here they produce 
the same offensive odor which comes from poultry, and which is a source 
of great annoyance to neighbors, A considerable portion of the stock in 
such shops is always composed of parrots and mocking-birds, who keep 
up an incessant screaming and whistling, and are decidedly public 
nuisances. 

The offensive odor from bird-shops cannot be entirely done away with,, 
but it may be very much mitigated by cleanliness, good ventilation, and a 
free use of disinfectants. The cages should be cleaned once or twice a 
day, and their bottoms covered with sand or sawdust, or should be mov- 
able, so that they can be taken out and washed. If, in spite of all pre- 
cautions, the smell and noise of such establishments are obnoxious to 
neighbors, it becomes the duty of sanitary officers to order their removal 
from the vicinity of dwellings, although in localities wholly given up to 
business they may be allowed to remain. 

Sometimes a benevolent or astute individual puts a pigeon-house in 
the yard of his house, either stocking it himself or allowing the street 
pigeons to find their way thither. Where many pigeons are brought to- 
gether in this way, they become an unmitigated nuisance by leaving their 
excreta on window-sills, clothes-lines, roofs, and railings. Where such 
collections are complained of, the pigeon-house should be removed, when 
the birds will disappear. 

Parrots and peacocks are often kept as pets by private individuals. 
To nervous persons or invalids in the vicinity, these birds are often the 
cause of actual torture. It is not difficult to conceive that the health of 
some persons may be seriously impaired by the incessant chattering and 
shrieking of a parrot, or the discordant scream of the peacock. If such 
pets become a nuisance to others, they should be removed. 

Hare animals. — The shops where these animals are sold are found 
only in cities or large towns. The smell arising from them is very com- 
posite, and can only be partially controlled by disinfectants. The odor of 
some beasts — the bear, for instance — is extremely penetrating and disagree- 
able, and shops for the sale of such animals should not be allowed in the 
neighborhood of dwelling-houses. Great regard must be paid to cleanli- 
ness, and disinfectants must be used freely. The cages of the larger 
animals have to be constructed so that they can be cleaned without open- 
ing them, and provision must be made for draining off the urine. 

The noise coming from such places is often considerable, but cannot 
be controlled. 

J)o</s. — These animals are often kept by bird-fanciers, but many shops 
are devoted to the sale of dogs alone. The canine odor is an unpleasant 
one, even when the animal is kept scrupulously clean; and when several 
are kept together, the body smell, together with the odor of their excreta, 
is often quite overpowering. Dogs are also given to barking, and, where 
many of them are together, the noise is often incessant, even lasting 
through the night. The shops where they are kept have to be cleaned 
frequently and should be well ventilated. The floor should be sprinkled 
Vol. II.— 26 
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thickly with sand, and disinfectants used in all the kennels. The dogs 
must be frequently washed, and, in fact, this part of their care is neces- 
sary to render them salable. In spite, however, of the best care, a dog- 
shop is always a nuisance, and should not be allowed excepting in parts 
of the town wholly given up to business. 

Watch-dogs kept on private premises may become a nuisance on ac- 
count of continual barking and howling. In cities, at least, such dogs 
should be removed. 

Diseases and injuries due to attacks from these animals are considered 
elsewhere. 

Recapitulatio'i i . 

In brief, then, it may be said that the nuisance caused by the keeping 
of living animals may be brought under the following heads: 

1. The odor caused by bodily emanations and the respiration. 

2. The odor caused by the excreta. 

3. The noise. 

4. Pollution of wells and streams. 

And the means applicable for abating these sources of nuisance are 

1. Cleanliness, facilitated by a liberal use of water, and proper arrange- 
ments for drainage, including impervious flooring where the larger animals 
are kept, and the use of absorbent material, as sand or sawdust, for the 
smaller. Ventilation. 

2. Prompt removal of excreta. Disinfection. 

3. When necessary, removal from the vicinity of inhabited buildings. 

b. Killing of Aniinals. 

The business of slaughtering animals and preparing their flesh for con- 
sumption is an important and extensive one in every large city. Until 
comparatively recent times, every butcher killed animals on his own 
premises, when and how he chose, and from the lack of knowledge of 
sanitary requirements, from mistaken economy, and from carelessness, 
such places were always offensive and reeking with filth. Excepting 
where the utmost attention is paid to cleanliness, and unless special 
arrangements are made to secure it, there will always be adherent scraps 
of flesh and incrusted blood, which putrefy and fill the place with foul 
gases. The first important step toward remedying this condition of 
things was taken by the Emperor Napoleon the Great, who, by a decree 
of February 9, 1810, ordered the construction of large public slaughter- 
houses, called abattoirs, three on the right and two on the left bank of 
the Seine. These were completed and opened to butchers September 
15, 1818, and have undergone alterations and additions since that time, in 
accordance with the growth of the city and the advance of sanitary knowl- 
edge. In these abattoirs all the butchers are compelled to rent spaces, 
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and IK) slaughtering is allowed outside of them. The buildings being con- 
structed for the special purpose and provided with all necessary appli- 
ances, and at all times under government supervision, the nuisance in- 
separable from the trade is reduced to a minimum. 

The example of Paris was followed elsewhere, and abattoirs are now 
found in many American cities, as well as in Europe. In London, private 
slaughter-houses are still permitted to exist, animals of considerable size 
being killed on the premises, in the rear of the shop where the meat is 
sold at retail, and even when families live in the upper part of the build- 
ing. Many of these places are filthy and offensive, and cause great trouble 
to the medical officers of health. According to law, no slaughter-houses 
were to be allowed within the limits of the city after 1874, but when that 
year closed there were still twenty-eight licensed ones remaining. This 
affords a striking commentary on the difficulty of enforcing sanitary 
ordinances when they come in conflict with vested interests. 

Previous to 1866 the slaughter-houses in New York were scattered 
about the city, as they are in London at present. Some of them were in 
])opulous localities, and even in immediate proximity to public schools. 
They constituted an evil of immense magnitude, and only after numerous 
checks and some defeats did the Board of Health bring them to the quite 
•satisfactory condition in which they now are. They are now all situated 
on the river fronts, east of Second Avenue or west of Tenth Avenue, and 
north of Fortieth Street. New buildings have been erected, with ap- 
proved methods of ventilation and drainage, by private enterprise. They 
are in effect abattoirs, being constantly under official supervision, although 
not erected at the public expense, and therefore bringing in no revenue to 
the city. Connected with them are immense stock-yards, and the numerous 
establishments for the disposal of the offal, blood, etc., which really form 
but an addition to or extension of the business. 

Cattle. — There are three principal methods of killing beeves, all of 
which are subject to variations. In Europe it is the custom to kill them 
by concussion, either by the hammer, the pole-axe, or by means of a head- 
piece with a projecting pin on the under side, which pierces the skull 
vvhen it is .struck with a heavy mallet. In the latter case the eyes are 
shaded, so that the animal cannot see the falling blow, and this is con- 
sidered to be a very merciful feature. In the West, where the wild cattle 
are often so unruly that killing in the ordinary way would occupy too 
much time, the animals are driven one by one under a platform, on which 
stands a man with a lance or carbine. With the weapon he strikes or 
shoots the creature just behind the horns, severing the spinal cord, and 
probably often destroying the functions of the medulla oblongata. Cattle 
killed by any of these methods have to be bled afterwards, and that very 
soon, for if the blood be allowed to coagulate in the flesh, the meat is 
spongy, of a purplish color, and readily decomposes. 

In New York, the Jewish method of killing has been universally 
adopted. A few animals are separated from the herd in the yards, and 
■driven into a small pen by themselves. Thence they are taken one by one 
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into the slaughter-house. A slip-noose is thrown around one of the hind 
legs, from which a rope passes over a pulley attached above. The ani- 
mal is then immediately hauled up, head downward, until the I'ore-feet are 
oflf the ground. The head is turned until both horns and the nose touch 
the floor, so that the neck is well exposed and somewhat extended, and 
the killer passes a long, keen knife once or twice across the throat, sever- 
ing all the tissues back to the spine. The floor of the building is so 
graded that the blood, as it escapes from the vessels, flows into a trough, 
whence it is afterward shovelled up into barrels and taken away to the 
refineries or fertilizer manufactories; or it may run through an opening 
in the floor, into a tank placed to receive it on the floor below. 

This has sometimes been looked upon as a cruel method of killing cat- 
tle, but the animals do not struggle or show any signs of suffering until 
the convulsions of ana?mia set in, when the brain is depleted of blood, 
and consciousness must have already vanished. 

When the animal is dead, the head is severed from the body, the feet 
cut off, and the body skinned, disembowelled, and cut in halves. The in- 
testines are separated from the mesentery and sent to the gut-cleaners; 
the fat is cut oft" and handed over to the renderers, the stomachs to the 
tripe-cleaners, the heads to the head-cleaners, and the hoofs to the manu- 
facturers of neat's-foot oil and glue. All scraps that cannot be otherwise 
utilized are sent to the makers of artificial manures, and the hides are gen- 
erally salted down in a mass on the premises, until sent to the tanner. 
The meat is hung up to cool, and is not usually removed by those who 
have bought it until the morning after it is killed. 

The odor of a slaughter-house is to most persons very unpleasant, 
until custom has made it familiar. In a well-appointed abattoir there 
should be no smell perceptible, excepting while slaughtering is going on. 

The odor is a very composite one — the vapors from the warm entrails 
and flesh mingling with the sickish smell of fresh, warm blood, and with 
the breath and bodily emanations of the cattle who are waiting for their 
turn. These odors, however, do not extend far from the building, and by 
themselves would hardly create a public nuisance. In badly-built or 
badly-kept slaughter-houses, where insufficient water is used and cleanli- 
ness is neglected, dried blood and scraps of flesh adhere to the walls or 
the floors where they have fallen, and after a few hours begin to putrefy. 
Then the most noisome gases are evolved, and may poison the atmosphere 
for some distance away. If the blood or bloody water from washing is 
allowed to run into the street-gutter, as has happened in many cases in 
former times, or if they are carried away from the building by a surface 
drain, it is impossible to prevent a terrible nuisance. 

Even in the best-appointed abattoirs, the lowing and moaning of the 
cattle, the clatter of their hoofs upon the stones, the noises, not loud, but 
suggestive, connected with the act of killing, with the sights which it is 
almost impossible wholly to conceal, render a slaughter-house a public 
nuisance which is not to be tolerated in the vicinity of dwelling-houses. 

There does not seem to be any good reason for supposing that tlie 
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slaughtering of animals is in any vray detrimental to the public health, 
especially when carried on in a cleanly manner, so as to avoid the evolu- 
tion of gases of putrefaction. Butchers are usually a robust, hearty class 
of men, who are said to possess a remarkable immunity from epidemic dis- 
eases. Dr. Ballard, in the elaborate report already referred to, makes the 
same statement, but he gives the evidence of some medical officers of health 
in Erigland who have the contrary opinion. Dr. Spear, for instance, Medi- 
cal Officer of Health for South Shields, says, "that in his experience, dur- 
ing the two years that he has held office, the houses where slaughtering is 
carried on have been chief foci of zymotic diseases, and that in tracing back 
outbreaks of such diseases in the town, he has, on more than one occasion, 
traced back the infections to these houses, and has been unable to trace 
it back farther." Dr. Carpenter, of Croydon, has satisfied himself that a 
slaughter-house may be the starting-point of an epidemic of scarlatina. 

Tt is a well-known fact that medical students and physicians Avho are 
exposed to the air of a dissecting-room, or, in other words, who inhale the 
gases evolved from decomposing flesh, suffer from diarrha^a, and some- 
times from headaches and anorexia. The diarrhd^a in particular is of a 
verv obstinate character, ceasing only Avhen exposure ceases, and is 
apparently due to the elimination of noxious matters through the intes- 
tinal mucous membrane. ]t would be fair, therefore, to suppose that the 
atmosphere surrounding a badly-kept slaughter-house might be so con- 
taminated by the effluvia therefrom as to produce mild gastro-enteric dis- 
orders in those who inhaled it constantly. 1 have no facts, however, 
bearing on the subject. 

It is known that dead animal matter is easily tainted by contact with 
the products of decomposition. If the fresh meat is hung up to cool, 
therefore, in an atmos])here that is filled with septic matters, it may be- 
come, if not absolutely injurious, at least imsafe to be used as food. This 
is an additional reason for kee])ing the air of such places as pure and 
wholesome as possible. 

The great danger, then, in a slaughter-house is, that animal matters 
will be retained in the floors and walls, and by putrefaction render the 
])lace offensive. This is to be prevented by rendering these parts of the 
structure impervious, and by the most thorough cleanliness. The floors 
of the abattoirs in France and England are of asphalt or concrete, and the 
))uildings are often of stone. In Paris they are of iron and glass. In 
New York it has been found that asphalt makes too soft a pavement, and 
Ballard says it has always been a failure in England. In summer, particu- 
larly, it becomes altogether unsuited to the heavy tread of the animals and 
to the ill-usage to which it is subjected. Cement and concrete are better, 
and Ballard decidedly recommends the latter; but they have been found 
in this climate to crack after a time, and then it becomes difficult to clean 
them, and they require constant repair. A very good pavement is made 
»)f bricks laid on edge in cement, either having two courses of brick, or 
having a sub-layer of cement or concrete from four to six inches thick. 
This floor is common in New York, but brick is too absorbent to make a 
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thoroughly good floor. Most of our butchers prefer wood, and some of 
our best abattoirs are floored with this material. The wood used is 
Georgia piue, very resinous, laid in heavy planks, and thoroughly calked, 
like the deck of a ship. Such a floor seems to be thoroughly water-proof, 
and I have often seen the under surface, which had been whitewashed some 
time previously, without a stain or any indication that a drop of fluid had 
ever passed through it. These floors are graded toward the place where 
the killing is done, and the trough in the floor which catches the blood is 
so constructed that when the blood has been removed it can be opened into 
the sewer, and the water used for washing flushes both it and the sewer. 
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Fig. 1. — Plan of a slaughter-house. 

It is well to have the sides of a slaughter-house lined for five or six 
feet from the bottom with the same impervious material which forms the 
floor, so that any splashes of blood or fragments of flesh or fat can be 
easily washed away. The building should be well ventilated, and it is a 
good thing to have the roof raised in the centre, and supported by louvre 
windows. 

All of the blood, fat, offal, and refuse of every kind should be removed 
immediately. Section 58 of the Sanitary Code of New York requires 
that " all offal, blood, fat, garbage, refuse, and unwholesome or offensive 
matter be removed at least once in every twenty-four hours," and Section 
59, "that no blood shall be allowed to remain therein over night." After 
everything valuable has thus been removed, the whole floor and parts of 
the walls that are exposed to dirt should be thoroughly cleansed. This 
requires a liberal supply of water, which is thrown about by a hose, while 
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men scrub the floor energetically with scrubbing brooms. Tardieu says 
that each of the Paris abattoirs requires a daily service of 90,000 litres of 
water. How much is used in a New York abattoir it is impossible to 
state, as we have no water-meters, and the supply is practically unlimited. 
If the cleaning is well done, and done every day, the atmosphere of an 
abattoir may be kept perfectly pure and sweet, in the intervals of killing. 

The flooring must be kept in thorough repair. The severe blows re- 
quired to sever the head of an ox from his body use up that part of the 
floor rapidly. If it is of concrete or asphalt, it gets broken, chipped, or 
indented, and is hard to clean properly. If it is of wood, it becomes, after 
a time, cut and splintered. Accordingly that part of the floor where the 
killing and cutting are done is covered with a second layer of heavy plank, 
which can be renewed when necessary without disturbing the floor itself. 
The ceiling and walls should be frequently whitewashed. 

Pigs. — The smaller size of these animals, and the fact that the hide is 
not removed, but only stripped of its bristles, render a somewhat different 
arrangement necessary. While the slaughter-houses for cattle, sheep, 
and calves are one-story buildings, those for pigs have two stories, the 
upper one being used for killing and the lower one for dressing them. 
The reasons for this will appear farther on. 

All the animals intended for killing on any particular day are gathered 
together on the upper floor of the building. This floor is divided into 
several pens, holding from ten to thirty pigs each, so as to render the iso- 
lation of certain animals easier. In one of these pens stand two men, 
who pass a slip-noose over the hind-legs of the pigs in rapid succession. 
As each one is caught thus he is raised and hung by a hook on an iron 
tramway, along which he is shoved by a single push, and brought imme- 
diately in front of the killer, who stands in another pen about six or eight 
feet away. He thrusts his narrow, double-edged knife into the neck, just 
below the sternum (the pig being head downward), turns it quickly up- 
ward, and divides the aorta. The dying animal is then passed along the 
tramway to another man, who stands about five feet away, and whose 
duty it is to loosen the animal as soon as he is dead, and let him drop 
through an opening in the floor into a vat of boiling-hot water on the 
floor below. After a short sojourn in this vat, he is hoisted by a single 
motion of a fork-shaped lever, upon a long bench with a considerable in- 
clination downward, on both sides of which stand men with scrapers in 
their hands. They remove the bristles, which have been loosened by the 
hot water, and then the body is passed over ^ the men who remove the en- 
trails, wash it, and put it aside to cool. The bristles are allowed to fall on the 
floor, whence they are gathered up and carried away by the brush-makers. 

In England it is the general practice to remove the bristles by singe- 
ing, and various forms of apparatus have been invented for the purpose 
of doing this with expedition. According to Ballard, it takes about twenty- 
five seconds to singe a pig properly with the best arrangements therefor, 
and the odious smell of burnt hair is added to the other objectionable 
features of a slaughter-house. It is claimed, however, that the pork is 
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better, and that the rind acquires a llavor mucli liked by some people, and 
utterly lacking in the flesh of animals that have been scalded. 

Latterly an attempt has been made to remove the bristles from the pigs 
by machinery. There is an ingenious arrangement of circular knives fast- 
ened to revolving belts, over w^hich the carcase is rolled by two men, and 
almost entirely stripped of its bristles in an incredibly short space of time. 
This machine with two men does the work of six or eight, but is said to 
occasionally tear or cut the flesh in an unsightly manner. 

The blood, offal, and trimmings of pigs are disposed of in the same 
way as those of cattle, excepting that the fat is sometimes rendered on 
the premises, instead of being taken away by other parties. 

The nuisance caused by a pig-killing establishment differs from any 
other in important particulars. The odor of the hog-yards is more un- 
pleasant and can be detected at a greater distance than that of cattle- 
yards, and the noise made by the animals is more acute and discordant. 
In the room where the killing is done there is a perfect pandemonium. 
In strong contrast to cattle, who may be seen chewing their cud while 
their companions are taken to the slaughter, pigs seem to have a premoni- 
tion of their fate, and their squealing is so piercing and incessant that con- 
versation, even in the loudest tones, is impossible. To the odor of blood 
and the body smell of the animals is added the steam from the scalding- 
vat, which fills a portion of the room with watery vapor. 

What has been said of the construction and sanitary care of slaughter- 
houses under the head of cattle, applies with equal force to the establish- 
ments under consideration. The incessant and uncontrollable noise which 
accompanies pig-killing renders it more necessary to remove such places 
from the vicinity of dwellings than even the abattoirs for cattle. 

ISlieep. — The slaughtering of the smaller animals gives rise to less 
nuisance than those we have considered. Sheep are so entirely under the 
control of a man that no special apparatus is necessary for hoisting and 
holding them until they are dead. They are killed by cutting their throats, 
and are so placed as to bleed directly into a surface drain, which conducts 
the blood to a receptacle whence it can be readily collected and removed. 
The other details of dressing the meat, disposing of the offal, and the 
means for insuring cleanliness, do not differ essentially from those in the 
larger abattoirs. 

Calves. — These animals are also easily managed by men, without the 
assistance of machinery. Their throats are cut, and the more thoroughly 
they are bled, the whiter and^ firmer the veal. They are more noisy than 
sheep, but not sufficiently so to constitute a serious nuisance. 

Poultry. — The killing as well as the keeping of poultry may become a 
serious nuisance. In New York it already is so. In Bayard, Hester, 
Ludlow, and Essex Streets in particular, the nuisance has reached its 
highest development. The fowls are not only kept in and about dwelling- 
houses in crowded neighborhoods, but they are killed there. The killer, 
who is especially appointed for the purpose according to the Jewish 
ritiuil, makes his rounds on Thursdays and Fridays, and kills fowls in the 
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yard, as people purchase them. His apparatus consists of a barrel partly 
filled with sawdust, and a knife of peculiar shape and keen edge. The 
throats of the fowls are cut with a single stroke, and the birds are held head 
downward over the barrel, until their struggles cease. Very often the 
feathers are plucked on the premises, and where a hundred or more are 
killed and plucked, the yard, and the halls and rooms on the ground floor 
of the house, become smeared with blood and feathers, and present a most 
disgusting sight. After the killing is over for the day, the premises are 
washed and put in more presentable condition, but the bloody barrel often 
stands in the yard, and in summer may emit very offensive odors. 

The nuisance in such cases is three-fold, viz.: noise, smell, dirt. The 
cackling of geese is incessant; and when killing is begun, as it often is, at 
five o'clock in the morning, sleep beyond that hour is impossible for all 
who live in the vicinity. The smell, as already described, is insupportable, 
and the filth caused by the excreta of the fowls, with the blood and 
feathers, is frightful. 

Vigorous attempts have been made to suppress this nuisance by fines 
and imprisonment, but to no purpose. How it will finally be abated it is 
dilficult to conjecture. 

When only one or two fowls are killed at a time in a butcher's shop, or 
even in the kitchen or yard of a private house, no nuisance is created of a 
public character, and such cases do not require consideration. But when 
the killing of poultry becomes a business, and hundreds are slaughtered 
and dressed daily in one spot, special arrangements are required to prevent 
a nuisance. The best plan w^ould be to have a poultry market, where all 
selling and killing of fowls by wholesale should be carried on. This 
market should have an asphalt or concrete floor, and the coops in which 
the fowls are kept should be arranged as heretofore described. If the 
building is in a thickly populated neighborhood, the walls should be 
deadened by a felt lining or an air-space, or in some other way, so as to 
render the noise less obnoxious. It should be well ventilated, and fre- 
quently whitewashed. The killing can be best done by cutting the throats 
of the fowls over a large trough filled with running water and sewer-con- 
nected. The blood of poultry is too small in quantity to be advantage- 
ously preserved for industrial purposes, and still plentiful enough to create 
a nuisance if not properly disposed of. Accordingly it should be run into 
the sewer, as above suggested. The trough should be lined with zinc, and 
.should be at least two feet in diameter, to prevent blood from being- 
splashed beyond the edge by the struggles of the dying bird. Its length, 
of course, must be proportioned to the amount of killing to be done at 
one time. At one end should be the overflow-pipe, connecting with the 
sewer, and at the other the water-supply. This arrangement will facilitate 
cleansing. Above the trough should be a line of hooks, on which the 
birds can be suspended over the water. Daily washing and cleaning are 
quite as necessary for such a market as for the larger establishments in. 
which food-animals are slaughtered. 

Other ananals. — In European cities it is customary to have establish- 
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ments (called knackeries in England) where old, disabled, diseased or 
otherwise useless horses are killed and their carcasses disposed of. The 
dead bodies of other animals, when they cannot be used for food, are sent 
to the same works and there utilized. In New York animals are killed, 
generally by shooting, wherever they happen to be, and then the carcass 
is carried by boat to the private works on Barren Island. If a horse has 
farcy, or is injured so that recovery is impossible, or for any other reason 
is condemned to death, it seems both more humane and better for the 
community that he should be killed on the spot, than that he should be 
led or carried through the streets to a slaughter-house in the outskirts. 
Diseased cattle, sheep, and pigs are also killed and sent to the same place. 
Dogs and cats help to swell the numbers. 

In large cities, dogs who have no master are generally looked upon as 
public nuisances. They are great thieves, and there is a certain amount 
of danger in allowing them to run loose. Stray dogs are therefore 
usually killed, and in New York, during the summer, official dog-catchers 
are appointed, who are allowed to capture every dog that is unmuzzled, or 
is not controlled by a string or chain in tire hands of its owner. These 
men receive a small sum for them on their delivery at the pound, and here 
they are killed, after being kept a few days for reclamation. A large 
number of them at a time are put in an iron crate and dipped beneath the 
surface of the river. In this way thousands are drowned every year. It 
would seem more humane, though perhaps not so cheap, to put them in a 
tight compartment, and drown them with carbonic acid gas. 

The dead bodies are carted to the offal dock and thence taken to 
Barren Island. 

In European knackeries the flesh of horses, when suitable, is dressed 
for the market and sold as food. In this country the whole animal is 
utilized for industrial purposes. The skin, when fit for leather, goes to 
the tanners or leather-dressers; inferior skins, with hoofs, etc., go to the 
glue-maker; the bones are either cleaned and bleached, and used for but- 
tons or knife-handles, or in the manufacture of phosphorus; or, more com- 
monly, the whole animal is converted into artificial manure. 

The precautions to be observed in the conduct of such establishments 
are those which are necessary in any slaughter-house. But in knackeries 
many of the carcasses received are in a state of decomposition and very 
offensive. This renders it necessary to remove such establishments to a 
great distance from inhabited dwellings. 

Mecapitulation. 

Slaughter-houses then become nuisances: 

1. On account of the noise of the animals. 

2. On account of the odor from them. 

3. From blood and other animal matters which may be retained in the 
walls and flooring, and there putrefy. 

4. From the retention of offal on the premises until it becomes 
offensive. 
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Therefore : 

1. They should be removed from the vicinity of dwelling-houses. 

2. They should be provided with impervious flooring and walls and 
proper drainage, and thoroughly cleansed daily. 

3. The offal and blood should be removed immediately. 

c. Storage and Handling of Animal Matters. 

Under the influence of warmth and moisture, animal substances rapidly 
putrefy, and exceedingly offensive gases are evolved. Some of these gases 
are capable of extensive diffusion, and can be detected by the sense of 
smell at a great distance from their source. It is the evident duty of 
public officials to prevent the formation of these gases as far as possible, 
and, in cases where this is impracticable, to control their diffusion so far 
as lies in their power, and render the nuisance caused by them a local one. 

Manure. — The nuisance caused by the manure of stables can never be 
wholly done away with. A stable is a necessary evil, and it is almost im- 
possible to prevent the accumulation of manure in connection with it. 
Where such an accumulation is a large one, and is allowed to remain for a 
considerable time before removal, fermentation takes place, and when the 
mass is finally taken away, a greater nuisance is created than if it had 
been removed when fresh. Such accumulations not only pollute the 
atmosphere in their vicinity, but the gases from them may pass through a 
wall and enter an adjacent building. I have myself observed a strong 
odor from a stable on the other side of a brick wall a foot thick, when 
there was no evidence of any hole or channel for the passage of the smell, 
excepting the porosities of the brick and mortar. Where such a nuisance 
exists, the outer surface of the wall must be cemented, and so made both 
air- and water-tight. In some cases, when the manure is kept in a vault, 
a ventilating-shaft extending above the roofs of the adjoining buildings 
will prevent, to some extent, the lateral diffusion of the odbrs. 

The removal of manure will inevitably cause more or less nuisance. In 
many cases it must be carried in baskets or wheelbarrows across the side- 
walk and emptied into the cart as it stands in the street. This must be 
the case where the stable is in the rear, and there is no approach to it 
sufficiently wide for a wagon. When the manure-vault is under the side- 
walk, the contents have to be thrown with pitchforks several feet to reach 
the cart. The consequence of all this is that the sidewalk is strewn with 
manure, to the great disgust and annoyance of passers-by and neighbors. 
If the vault is not drained, and the manure is therefore moist or even 
partly liquid, of course the nuisance is still worse. And if the cart is not 
a tight one, and is not tightly covered, the liquid drips and the loose ma- 
terial on the top is shaken off all along the route, forming an unsightly 
and intolerable public nuisance. 

Manure may be taken directly from the stables to the fields and spread 
upon them, or it may be dumped on vacant ground in a mass, and left 
there to ferment. In the latter case, if the mass is frequently turned and 
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dug over, and is sprinkled with lime, it becomes more valuable as a fer- 
tilizer. But the smell from such dumps is almost intolerable, and they 
form a public nuisance of the worst character. 

The nuisance caused b}' the accumulation of manure in stables is to be 
controlled by the methods ali-eady mentioned, viz., the cementing of adja- 
cent walls, disinfection of the mass, and ventilation of the vault. As the 
mass may be removed in such a way as to create a nuisance, the removal 
should be regulated by law, strictly enforced. According to the Sanitary 
Code of New York, such removal is not allowed between the hours of 10 
A.M. and 0 P.M. without the permission of the Board of Health. It does 
not seem to me that this limitation is sufficient. As the loading and 
transportation of manure is somewhat of a nuisance, no matter how well 
conducted, it should only be allowed during hours when it is the least 
likely to cause annoyance. These hours are certainly the time when most 
people are indoors, and the business ought to be confined to the hours be- 
tween one and eight o'clock a.m. The carts should be water-tight, and 
should have tight covers, so as to retain their contents so far as possible, 
whether solid, liquid, or gaseous. 

Manure dumps camiot be conducted in such a manner as to be in- 
offensive, and should therefore only be allowed at a great distance from 
inhabited dwellings. 

Offal. — If the refuse of animals that have been killed for food is im- 
mediately removed, as it should be, there will be no nuisance due to it on 
the premises where it is produced. It is always best to have it taken to 
the proper establishments and thoroughly disposed of, if possible, while it 
is still fresh. Besides the offal of slaughter-houses, however, there are the 
scraps and trimmings of meat collected by retail butchers. Although 
these should be removed daily, they are not always taken away before 
they have become a little tainted. Besides the danger of infecting the 
salable meat with septic matter, such retention is apt to create a nuisance 
to neighbors. 

The scraps of fat and flesh from domestic and public kitchens also are 
sometimes kept on the premises until putrefaction has begun. In all these 
cases the oft'al is likely to cause a nuisance, not only where it is kept, but 
along the line of transit when it is removed. 

Offal which has become offensive should be transported in tight carts, 
with close covers, or better still, the stuff should be placed in tightly- 
covered vessels on the premises, and then carried out to the cart. When 
it arrives at its destination, whether fertilizer manufactory, fat-rendering 
establishment, or soap factory, it should be kept unopened until it is to be 
used, unless the factory is so far from dwellings that no odors could be de- 
tected in any event. 

The carts and vessels used for the transportation should be frequently 
cleaned and disinfected. 

Nigfd-soil. — The removal of night-soil from privy-vaults, if not prop 
erly regulated, may cause an intolerable nuisance. The stirring of the 
contents of the vault sets free very offensive gases in enormous quantity, 
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and although the work always used to be done at night, so as to avoid 
offence to the eye, the odor was often sufficient to wake those who were 
sleeping near by. Of late years, by the liberal use of disinfectants and 
of improved pneumatic machinery, this nuisance has been reduced to a 
minimum. 

The contents of the vault should be thoroughly disinfected before re- 
moval. This is usually done by pouring h\ a mixture of dead oil and cop- 
peras (impure carbolic acid and protosulphate of iron). The New York 
Disinfecting Corps use half a gallon of tlie dead oil (containuig fifteen per 
cent, of carbolic acid) and a gallon of a saturated solution of copperas, for 
an ordinary privy-vault. More may be required in one case than in an- 
other, and enough should be on hand for all emergencies, say, at least six 
or eight gallons. After disinfection, the night-soil may be removed in 
tubs or by pneumatic suction. If tubs are used, they should be water- 
tight, and have tightly-fitting covers, which are fastened down when the 
tubs are full. The full tubs may then be taken away in a cart without 
offence. By far the best method of emptying privy-vaults is pneumatic 
suction. A large tank on wheels stands in the street, and from this a 
strong hose passes back into the privy-vault. Then, by means of a pump 
connected with the tank, the contents are gradually sucked into it, while 
the air and offensive gases that are gradually expelled are passed through 
a charcoal fire or mingled with hot steam, and destroyed. In New York 
the privy-vault is not only a receptacle for night-soil, urine, and even 
slops, but many tenants empty ashes and garbage into it, or use it as a 
convenient dumping-place for old shoes, hats, hoop-skirts, etc. The con- 
sequence of this is that the pneumatic apparatus does not clean the vault 
perfectly, and there is always a composite mass of stuff at the bottom 
which cannot pass through the hose, and has to be taken out in tubs. 

The tubs or tanks should be removed from the vicinity of dwellings 
before they are opened and emptied. Their contents may be either used 
innnodiately as manure, or more commonly they are manufactured into 
poudrette or superphosphates. 

JJoues. — An accumulation of bones from which the fatty matters have 
not been removed very soon becomes offensive. After a short exposure 
to the air the oil oozes out upon the surface, particularly in warm weather, 
giving them a translucent appcai'ance. These oily matters are soon de- 
composed, and butyric, capric, and caprylic acids are formed. If the bones, 
have not been thoroughly stripped of flesh, the ordinary gases of putre- 
faction are added to these ill-smelling acids. The result is a combination 
of the most disgusting odors that can be imagined. 

The only such collections of bones that are found near dwellings, so 
fur as T know, are those made by rag-pickers. In their general search 
through the garbage-receptacles, they appropriate not only rags and paper, 
but bones, throwing everything into their bags together. When they 
get home, the bones are picked over and sorted, and kept on the premises 
until called for by the dealers in such things. When it is considered that 
these bones have often been kept in kitchens until they were slightly 
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offensive, have then lain in tlie garbao^e-box for some hours — perhaps 
under a broiling sun — are carried about on a man's back for some hours 
more, and then remain in his room, or on some part of the premises where 
he lives, for a day or so longer, their condition at the end of that time 
may be imagined. No odor is to me more disgusting than that of such a 
place. 

The smell from such accumulations may be somewhat diminished if 
the bones are kept in tight vessels until removed. But the odor diffuses 
itself widely, and is too penetrating to be entirely confined in this way. 
Ballard says that the nuisance may be prevented or very much mitigated 
by storing them in tarred bags, or covering them with a tarpaulin. 1 
have had no experience with these expedients, and am inclined to doubt 
their efficacy. I do not think the storage of green or fresh bones should 
be tolerated in the neighborhood of inhabited buildings, as the disinfec- 
tants, which would be likely to considerably abate the nuisance, such as 
salicylic acid, are too expensive to make it worth while to use them. 

Hides. — Green or fresh hides rapidly become offensive, especially if, 
as is often the case, scraps of flesh adhere to them. They are usually 
salted down in layers on the premises as soon as they are removed from 
the animals, and if the salting is thoroughly done, there will be no nuis- 
ance. The dried hides, which are brought in large quantities from South 
America and Texas, have a peculiar odor, and when many of them are 
stored together, it is decidedly disagreeable. As a rule, hides of any de- 
scription should be stored only in the business part of a town. 

fertilizers. — The different varieties of artificial manure have their 
special odors, which are sometimes pretty strong, but to many people are 
not unpleasant. Guano has a very pungent and diffusive odor, which is 
not liked by most people. These materials are not kept in large quantities, 
excepting in the business parts of cities and towns. 

Hoofs and horns. — The hoofs, horns, and tails of South American 
and Texas cattle come to the northern cities for sale to the manufacturers 
of combs, knife-handles, glue, and brushes. Although they come in a 
perfectly dry state, and have been carefully cleaned before they were 
shipped, they have a very unpleasant odor, and the places where they are 
stored are occasionally complained of to the Board of Health. Occasion- 
ally horns are sent on from the West which have not been " sloughed," 
i. e., of which the core has not been removed, and they arrive here in a 
frightfully offensive condition, putrid, and covered with maggots. The 
sloughing" of such horns is an exceedingly offensive process, and should 
not be allowed within city limits. 

The storage of commercial hoofs and horns may be allowed in the 
business portion of a town, but not elsewhere. 

Cheese. — When stored in large quantity, cheese may be very offensive, 
especially the German and some of the Dutch cheeses, which are far ad- 
vanced in decomposition before they are considered fit for the table. The 
odor is caused partly by the fatty acids developed in them, partly by 
ammoniacal compounds, and partly by the decomposition of the casein. 
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The nuisance due to such merchandise cannot be entirely abated, but may- 
be mitigated to some extent by keeping the most offensive kinds of cheese, 
such as Limburger, Handkase, Kuhkase, and sago cheese, in a cold place, 
as the sub-cellar, or, better still, in a refrigerator. If the cellar is used, it 
should be made as tight as possible, and ventilated by two shafts of un- 
equal height running above the roof of the building. The odor is one to 
which people soon become accustomed, and those who enjoy eating such 
cheese do not usually object to having it stored near them. But if neigh- 
bors complain, the storage of such cheese should not be allowed in the 
vicinity of dwellings. 

Msh. — The smell of fish is to most people very offensive, and it clings 
to the clothing with great pertinacity. Moreover, the scales and the slimy 
substance on the outside of the body come off and adhere to everything 
with which they come in contact, and rapidly become putrescent. Decay- 
ing fish give off large amounts of ammonia, and are peculiarly offensive 
on account of the evolution of phosphoretted hydrogen. The nuisance 
created by a fish-market cannot be entirely done away with, but strict 
cleanliness and frequent washing of all exposed parts of the building are 
absolutely necessary to render the place even tolerable. The slabs on 
which the fish are exposed, and the floors and walls of the shops, are best 
made of stone laid in cement, so that the joints are perfectly tight. The 
floor should be well graded and drained into the sewer, and after the day's 
business is over everything should be thoroughly washed and scrubbed, 
and all offal removed. 

Oils do not give forth much odor if they are put in tight barrels, but, 
in the bustle and careless handling of railroads and truckmen, leaks are 
often started, and it is rare to see a cellar filled with barrels of oil whose 
floor is not covered with grease. The juost offensive oil of all, and that 
which gives rise to the most frequent complaints, is the "grease," as it is 
called, made from refuse pork-trimmings, which have become putrescent 
before they are rendered. This " grease " has a certain amount of the 
crystallizable fats in it, stearine and palmitine, and some of it at ordinary 
temperatures is semi-fluid. This stuff, being very cheap, is often carelessly 
packed, and the barrels are very apt to leak. Moreover, there are certain 
houses, where the contents of those barrels which contain the better 
qualities of this substance are put in muslin bags between iron plates, and 
subjected to a continuous pressure by a weighted lever, to squeeze out 
the fluid portion. With the olein go the offensive portions of the stuff, 
and what is left in the bags forms a beautiful, white, hard cake, chiefly 
stearin, which is used for making candles. The residue is repacked and 
used for making axle-grease or the inferior qualities of soap. These es- 
tablishments are always somewhat offensive, but the odor does not extend 
far, and while it should prevent their location near dwellings, is not 
enough to compel their removal from the business or manufacturing por- 
tions of a town. 

The only remedies for the nuisance caused by the odor of oil are tight 
packages and cleanliness. 
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JEggs. — Among articles o£ coimnerce that, under certain conditions, 
may become very offensive, are eggs. When they are dealt in by whole- 
sale and thousands of them are stored in a cellar, they have to be fre- 
quently picked over — " candled," as it is called — in order to throw out the 
rotten ones, of which in summer there is a considerable proportion. The 
odor arising from this cause, mainly due to sulphuretted hydrogen, may 
be abated by sprinkling the offensive eggs freely wnth chloride of lime, the 
free chlorine of which seizes on the hydrogen of the offensive gas with 
great avidity. The rotten mass should be removed often, and the place 
frequently and thoroughly cleaned. 

d. Storage and Handling of Vegetable Jfatters. 

Ffiiits. — The storage of fruits is never likely to cause a nuisance un- 
less they are decayed, although the odor of oranges and lemons in large 
quantities is not always pleasant. Decayed fruit is sometimes exceed- 
ingly offensive, and the dealers in such articles are often so careless about 
its removal that complaints from this cause are not seldom received by the 
sanitary authorities. The only remedy, of course, is the instant removal 
of the offending matters, and the thorough cleansing of the place where 
they have been kept. 

Vegetables. — Some kinds of vegetables, as leeks, garlic, onions, and 
turnips, when collected in large quantities, may constitute quite a serious 
nuisance. The essential oils to which the first three owe their peculiar 
odor are very volatile, and to most people exceedingly disagreeable. Many 
other vegetables, as potatoes, and especially cabbages, become offensive 
by decay. All vegetables are generally kept in cellars, as they require a 
cool place for their preservation, and such cellars should always be in the 
business part of the town, and their contents frequently sorted, and all 
decaying matter removed. It is best, if possible, for storing the more 
offensive vegetables, to have the cellar tight and ventilated by special 
shafts, as recommended for cheese warehouses. 

Although 1 have no positive evidence to offer on this point, there are 
, many well-known facts which indicate that the emanations from decaying- 
vegetable matter may be injurious to health. 

The poison, whatever its intimate nature, that gives rise to the mala- 
rial fevers, is probably evolved in some way from decomposing vegetable 
matter. Decaying vegetables furnish an appropriate nidus for several 
varieties of fungus, and their spores, often invisible to the unassisted 
sight, float in the atmosphere and are inhaled with every breath we draw. 
It is in the late summer and autumn, when fields are ripening and the 
forests and meadows are filled with decaying vegetable matter and with 
fungi that are sending forth clouds of microscopic spores, that hay fever 
is prevalent. Whatever the effect of such accumulations may be, it is 
certainly safer to remove them as zealously and thoroughly as putrescent 
animal matter is removed, although their odor is not quite as offensive. 

Essential oils. — The various oils and essences used in the manufacture 
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of perfumes, together with turpentine and its derivatives, and the resins 
and balsams, are principally stored in large cities. They are all volatile at 
a low temperature, and while the smell they create is not usually un- 
pleasant enough to call for its suppression, it is so sometimes. I have 
known of dizziness and headache being caused by the odor of the oil of 
cloves in persons who had their office immediately over the place in which 
it was stored. The smell seems to be rapidly dissipated in the outer air, 
and if a whole building is occupied by the business, I do not think the 
neighbors would be incommoded by it, excepting under unusual circum- 
stances. 

The greatest nuisance caused by the storage of essential oils is un- 
doubtedly the danger of fire. This is to be guarded against by storing 
them only in fire-proof buildings. 

e. Storage and Handling of Mineral Matters. 

Oils. — The only mineral substances likely to cause a nuisance are the 
petroleum oils and the derivatives of coal-tar, including all the varieties 
of naphtha and the different burning fluids. The storage of these in large 
quantities not only offends the sense of smell, but exposes the neighbor- 
hood to the danger of fire. The odor cainiot be entirely done away with, 
but it may be mitigated by cleanliness and attention to the condition of 
the barrels, which should always be, and generally are, perfectly tight, 
more attention being given to their proper packing- than to that of the 
animal and vegetable oils, on account of their g'reat inflammability. 

For the protection of the community, no petroleum or kerosene oil is 
allowed to be sold or stored in New York City with a flashing-point — ^. e., 
a temperature at which inflammable vapors are given off — less than 100° 
Fahrenheit. In France the flashing-point is fixed by law at 35° Centi- 
grade, or 95° Fahrenheit, a temperature not seldom reached in this coun- 
try by the external atmosphere on a summer day. All such oils should 
only be stored, in large quantities, in fire-proof structures. It is better if 
these buildings, besides being fire-proof, are only one story high. It has 
been suggested in France that petroleum should be stowed in large in- 
verted vessels floating on the surface of water, like gasometers, so that the 
access of flame would be impossible. Another plan is to sink the barrels 
in water, and keep them there by weights until wanted. 

f. Storage and Handling of Mixed Matters. 

• Rags. — The collection of and commerce in rags for the manufacture 
of paper is an extensive industry. In all large cities, among the lowest 
class of the population, are the people called rag-pickers or chiffoniers. 
They go about with a bag and hook and gather up whatever they think 
they can dispose of, wherever they can find it — scraps of paper and paste- 
board, rags, bones, old shoes, glass, etc. The bone nuisance has alreadv 

been spoken of, and the onlv other offensive part of their business is the sort- 
VoL. II.— 27 ' 
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ing and washing of rags. As they are picked up from the street-mud, from 
garbage-boxes, and heaps of kitchen refuse, and so are often filthy in the 
extreme, they have to be carefully picked over and washed. This is done 
in the yards of the houses inhabited by this class of people. Every morn- 
ing they may be seen, men, women, and children, busily engaged in this 
work, and every afternoon, every available space in the yard, the out- 
buildings, the sides of the houses, the balconies, and fire-escapes, are cov- 
ered with wet rags of all colors and sizes drying in the sun. This pro- 
cess gives rise to a peculiar stale, musty odor, which is somewhat un- 
pleasant to those who live near by; but it is difficult to see how it can be 
prevented. The collection of rags is a very important and necessary in- 
dustry, and the persons engaged in it are too poor to afford great ware- 
houses or drying-houses for the purpose. The only remedy that would 
be of any avail would seem to be to banish them to a particular quarter 
of the town, and not allow them to prosecute their business elsewhere. 

The rags, after sorting and washing, are sold to dealers, who pack 
them in bales, covered with coarse matting or canvas, and fastened with 
rope or iron bands. In this condition vast cargoes of rags yearly arrive 
in this country from Europe, where the demand for paper-rags seems to 
be less than it is here. Imported rags are said to be disinfected before 
they are packed abroad, and they are not allowed to be landed without a 
permit from the Board of Health. If any bales are broken during the 
passage, and need repacking, they should be disinfected, as they are often 
collected and sent from ports where contagious diseases are epidemic. 
The bales, whether domestic or imported, are sent, as a rule, direct to the 
paper-makers as received. 

The storage of rags in bales rarely gives rise to a nuisance, unless some 
of the bales happen to be wet during their transit. They then exhale 
the musty odor spoken of above. So far as I know, the nuisance is never 
of a character or importance to require interference by the authorities. 
It might be presumed that substances collected in such a reckless and in- 
discriminate way as rags would be a common means of propagating con- 
tagious disease, but I have never heard of, or seen a case in which this 
occurred, nor have I been able to find any account of one in my reading. 

Kitchen refuse. — The leavings of the table and the kitchen, consisting 
as they do of matters that readily ferment or putrefy, very soon become 
offensive, if they are not in some way disposed of. In country house- 
holds the fatty portions, bacon- and pork-rinds, rancid butter and lard, 
lumps of tallow, etc., are saved to make soap with, while the bones and 
scraps of meat feed the dog and cat, and the vegetable refuse goes to 
the swine. But in cities the disposal of this stuff is a matter of some 
difficulty. In large hotels much the same plan is followed as in the 
country, i. <?., the fat is taken by the soap manufacturers, the bones and 
meat by the manufacturers of fertilizers, and the vegetables are taken 
away by farmers, who call for them regularly. But the refuse of private 
houses and of tenements is so mixed that it is of no use to any of these 
persons. The lower classes in New York mingle their ashes and garbage 



PUBLIC NUISANCES. 



419 



even, and cannot be tauo-ht to separate tlieni. The vegetable matters 
soon undergo an acetous fermentation, especially if there is much fluid 
mingled with them, and the animal matters putrefy, making the mess so 
offensive that it cannot be kept in the house. It is then taken out into 
the street, and there becomes a nuisance of a grave character. 

This nuisance is one that never can be fully abated. In cities where 
alleys or narrow streets run in the rear of all houses, the removal of this 
refuse can be accomplished through the back door, and the street nuisance 
thus be prevented entirely. But in most cities the stuff must be col- 
lected from the street in front of the house. In Paris it is the custom to 
throw it into the street-gutter in the evening, whence it should be and often 
is removed early in the morning. In New York it is put in boxes or barrels, 
and left on the sidewalk until called for, often remaining there for two or 
three days. Before many tenement-houses are large, stationary garbage- 
boxes, which receive the refuse of twenty or thirty families, and some- 
times twice as many. If these are not frequently emptied, their contents 
overflow on the sidewalk and gutter, and create a horrible nuisance. 

It has been suggested in New York to have receptacles of metal sunk 
in the sidewalk in front of each house, to receive the household refuse, 
the tops of them to be flush with the pavement, and covered with metal 
covers, like those now used for coal-slides. These receptacles are intended 
to be taken up, emptied, and then returned to their places. An evident 
objection to them is that in winter the contents would freeze, rendering 
it difficult, if not impossible, to remove them; and if they were overfilled, 
the covers being raised would form an obstruction to street travel. 

The only relief that can be afforded is that obtained when the refuse 
is removed promptly, frequently, and at hours when most people are 
asleep. Probably the least annoyance would be caused if the barrels 
and boxes were put out on the street daily, late at night, emptied before 
seven o'clock in the morning, and taken in again before eight. It is 
stated by Gotel that, in Lyons and Bordeaux, the household refuse is put 
at once into the vessels in which it is to be removed to the dumps outside 
of the city. 1 cannot see how this can be done in a large city, and Gotel 
does not give the details. The fact that it is not done in Paris seems to 
indicate that the plan is only practicable in smaller towns. 

The occupants of tenement-houses sometimes create a nuisance to 
people in adjoining buildings by throwing refuse out of the rear windows 
into the neighboring yards, to save themselves the trouble of carrying it 
down to the street. In such cases it has been the practice of the New 
York Board of Health to order the windows whence the stuff is thrown to 
be covered with wire-netting:, 

2. Trades that are offensive on account of the dust caused by them. 

As a rule, the dust evolved in the prosecution of any business affects 
only those who work on the immediate premises; but a few occupations 
give rise to such an immense quantity, that much of it escapes into other 
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premises and often causes a serious iiuisanc-o. The escaping dust is diluted 
by tlie air and rapidly settles, so that the direct injury to health of per- 
sons outside the place where it is produced is probably trifling. But such 
dust settling on furniture, clothing, and food, makes everything so dirty 
as to seriously interfere with comfort, and often obliges people to keep 
their windows and doors shut to keep it out, a step which may prevent 
proper ventilation of dwelliTigs, and thus, })articularly in hot weather, in- 
directly compromise the health. 

Sand-blast. — The use of sand for glass-grinding or etching is one of 
the great industrial improvements of the century. The sand is driven by 
a powerful blower against the surface to be ground, the portions of the 
glass which are to remain unaffected being covered with a thin coating of 
wax and tin-foil. After a few moments' exposure to the sand-blast, the 
unprotected surface is beautifully and evenly ground without further 
manipulation. The tremendous force of the air-current which carries the 
sand renders it impossible to retain it in any way, and the dust, composed 
of fine sand and glass, flies out into the room, and unless some means be 
provided for its escape soon renders the place untenantable. The win- 
dows have to be kept open, and much of the dust escapes into the outer 
air, while some of it settles on the flooi'. 

Attempts have been made to confine the dust in a shaft and blow it 
into a water-tank, in the hope that it would become wet and settle. But 
the pressure of air is so great that it forces its way out of the minutest 
cracks, even between the rubber rollers through which the sheet of glass 
is introduced into the current, and, as I have myself seen, the dust may 
be blown fairly into water, and a certain portion of it, nevertheless, rise into 
the air. In a case where the dust from a sand-blast injured the delicate 
machinery of a card factory about one hundred feet distant, so that the 
windows had to be kept closed where hundi-eds of operatives were at 
work, the Board of Health found themselves obliged to compel the re- 
moval of the business to a more suitable locality. 

As it does not seem practicable to confine or fix the dust of such es- 
tablishments, they should be removed to the outskirts of cities and towns, 
or to some place where the dust will do no harm, as in the vicinity of 
lumber-yards, forges, etc. The dust will not be perceived at a distance of 
three hundred feet sufficiently to be a nuisance. 

G ar pet-cleaning . — The removal of dirt from carpets by beating them 
gives rise to a two-fold nuisance, noise and dust. In Paris, after the 
classification of nuisances previously given, the carpet-beaters were all re- 
moved from the quartier St. Avoye, and afterward from the place they 
had taken under the Pont Neuf, on account of the noise, dust, and de- 
preciation of property attributed to their occupation. The obnoxiousness 
of this trade may be considerably lessened by suitable machinery. At 
one place in New York the nuisance seems to be reduced to a minimum 
(Fig. 2). The ends of the carpet are pinned together so that it consti- 
tutes an endless chain, which rests upon a rubber platform, plush surface 
downward, being drawn along by two rollers, between which it passes. 
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As it moves it is beaten by rods, and the heavier dust falls into a long 
piece of sacking stretched beneath it; the lighter dust, which would 
otherwise float out into the room, is drawn upward into a large hood 
which covers the whole machine, and thence into a flue by a powerful 
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Fig. 2. — Carpet-cleaning machine. 



blower, which sends it forward into a lofty chimney. As it is forced out 
of the top of this chimney, it quickly becomes so diluted by the atmo- 
sphere, and is so borne away by the winds, that it is hardly noticed by 
those who live and work in the vicinity. 

The noise is somewhat lessened by the wooden hood which conceals 
the rods from view, but it caimot be entirely abated. 

JIair-picklng. — This trade only gives rise to a public nuisance where 
the hair of mattresses, pillows, and furniture is cleaned by machinery. 
The matted and compressed hair is piclced to pieces and the dust blown 
out of it, and the nuisance caused is of the same character as the last two, 
excepting that the noise of the machinery is not excessive. 

These establishments are not often the subject of complaint, because 
they are not usually in the vicinity of dwelling-houses. I have never 
seen any special eflort made to prevent the escape of dust from the 
premises. I would suggest, as a seemingly practicable method of dispos- 
ing of it, to draw the air of the room rapidly away by means of a large fan 
or blower, and force it into the furnace of the engine which drives the 
machinery. To change the air of a large room in this way sufficiently 
often would require a large blower and a considerable expenditure of 
steam, and would also subject the workmen to draughts of cold air rush- 
ing in to supply the place of that which had been exhausted. These ob- 
jections might be so potent, that, in case of a nuisance requiring suppres- 
sion, the proprietors would prefer to move away rather than make the 
proposed alterations. 

Street-sweeping. — This is also a prolific cause of dust in towns. The 
street dirt is of a very composite character, and contains animal and vege- 
table matter, as well as mineral. The effect of the inhalation of this dust 
is hard to estimate: it produces coughing and irritates the conjunctiva, 
and in some persons may excite nasal catarrh. In order to render the 
nuisance as slight as possible, the sweeping should only be done at night, 
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preferably in the early morning, and the streets should be sprinkled before 
the brooms are used. The subject is more fully considered elsewhere. 

3. Trades that are offensive on account of the noise caused hy them. 

The three trades below-mentioned cannot well be carried on, it seems, 
without noise. Indeed, one of them has for its sole end the production 
of noise. It is undeniable that to nervous people and invalids these street- 
noises are often very distressing, and the health of delicate persons, it is 
conceivable, may be injured by them. On the other hand, the persons 
engaged in these occupations belong to the poorest classes, and often have 
hard work to make a living, and it becomes a question of great delicacy 
for public authorities whether they ought to be suppressed or not. 

^Street-vending . — The cries of the street-venders are heard in cities 
from morning till night. Their voices are peculiarly shrill, and have been 
so trained as to have a penetrating quality that allows no one to get be- 
yond their reach, even in the rear rooms of houses. In New York these 
cries, reinforced by the ringing of bells and the blowing of tin horns, begin 
at 5 A.M. with the " yuuiip " (contraction for " Here you are ") of the milk- 
man, and end at ten or eleven at night with the last fruit-sellers on the 
avenues. 

Street-music. — This is mostly produced by hand-organs, but there are 
also performers on the flute, cornet, fife, hurdy-gurdy, harp, and violin. 
There are also itinerant brass bands of three or four pieces, and a few in- 
dividuals try vocal music. With the exception of a few tolerable players 
on the harp and violin, the music furnished by these people does not de- 
serve the name, and constitutes an unmitigated nuisance. 

Junk-dealing. — The men who collect rags, bottles, and old tin or 
earthenware, go about with small hand-carts hung with cow-bells, which 
create an easily recognizable but intolerable discord. So much noise is 
caused by the jingling of the bells that they are not usually obliged to 
supplement it by their voices. 

All of these nuisances are perhaps unavoidable, but they should be 
restrained within proper limits. In New York, a city ordinance forbids 
street-music before 0 a.m. and after 9 p.m. This ordinance should be ex- 
tended so as to include the other nuisances mentioned, and I think the 
evening limit should be put at 8 p.m. 

II. — Offensive Processes. 

Those businesses in lohich the substances dealt with are offensive as a 
result of CHEMICAL manipulation. 

In most of the processes here treated of, heat is used, either with or 
without the addition of acids or alkalies, and molecular changes are 
effected in the substances treated. In these decomiDositions and combi- 
nations new substances are formed in many cases besides the ones de- 
sired, and they are frequently very offensive, and may be very injurious 
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to the health of animals and vegetables in the vicinity. Accordingly, 
much attention has been paid in all manufacturing districts to the con- 
densation or destruction of these deleterious or offensive products, and 
with considerable success. The means adopted will be noticed under the 
appropriate headings. 

1. Hiose ^iTfocesses which are offensive 07i account of the smell caused 
by them. 

a. Manufacture of Animal Substances. 

This division includes the greater part of the processes included under 
the above heading. The offensive odor '.caused by them is due mainly to 
the decomposition of animal tissues, principally fats, under the influence 
of heat. 

Fat-rendering. — Fat, as it comes from the slaughter-house, contains a 
large amount of albuminous matters, consisting partly of the membranes of 
the fat-vesicles, and partly of blood-vessels, scraps of muscular and fibrous 
tissues, with connective tissue in abundance. These albuminous matters 
readily decompose, and the fat itself absorbs oxygen from the atmosphere 
and becomes rancid, so that it has become the practice to separate the fat 




Fig. 3. — Apparatus for rendering fat. 



from all other matters by the aid of heat. Heat contracts the mem- 
branes of the fat-vesicles, and causes them to shrivel up at the same time 
that the fat expands in volume. The vesicles therefore burst, and the fat 
escapes in a liquid form. 

Fat is usually rendered in one of three ways: by direct heat from the 
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fire, by steam-heat applied outside of the kettle, or by steam introduced 
into the kettle or tank and mingled with the fat. 

When fat is rendered over the fire, it is chopped up and put in a large 
pot or kettle set in brick, with a furnace underneath. After the extrac- 
tion of the fat, it is drawn off by a faucet or dipped out Avith ladles, and 
the residue, known under the name of " scraps" or " greaves," is formed 
by a hydraulic press into a hard cake and sold for dog's food. 

When fat is rendered by steam applied outside the vessel, it is put in 
upright cylindrical iron tanks, which are made double (Fig. 3). The 
inside tank contains the fat, and has an opening at the top, where the fat is 
thrown in, and another at the bottom, where the scraps are taken out, the 
melted fat being drawn off through a faucet. Outside this tank is an- 
other iron vessel, completely surrounding it, and called a " jacket." Be- 
tween the two hot steam is introduced, a safety-valve and steam-gauge 
being provided as in boilers. 

A variety of this method of rendering is the water-bath. Lockwood and 
Everett's tank, much used in New York, is of this kind (Fig. 4). The tank 




Fig. 4. — Lockwood and Everett's tank, with Bond's condenser. 



containing the fat is set in a tank containing a certain amount of water, 
and underneath this outer tank is a furnace. The heat to which the fat 
is exposed is thus increased slowly up to about the same degree as in the 
method last mentioned. This is essentially rendering by means of a 
steam-jacket. 

In other establishments the tank is single, and the steam is introduced 
directly into the fat (Fig 5). By this method the fat is mingled with con- 
siderable water, and the residue is so disintegrated that it is useless except- 
ing for manure, and it is generally disposed of to the manufacturers of 
fertilizers. 

Fat-rendering establishments are very liable to be public nuisances, 
on account of the offensive odors arising from them. These odors are 
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caused partly by the storage of decomposing fat on the premises, but 
mainly by the destructive distillation of portions of the fat, which pro- 
duces certain ill-smcUing substances, such as acrolein and allylic alcohol, 
with sometimes capric, caprylic, and caproic acids. 

The melting of tallow is more likely to cause a nuisance than the melt- 
ing of lard. The latter article, to be marketable, must be perfectly un- 
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Fig. 5. — Steam tank with running-water conden.ser. 

tainted, while tallow is not rendered useless by a slight rancidity. The 
rendering of lard therefore is sometimes carried on in open vessels, and 
wliere this is done there is comparatively little odor perceptible, until the 
fat is drawn off and the hot scraps are removed, when gases pass off 
having much the smell of an ordinary kitchen when articles of food are 
fried. 

Notwithstanding the offensiveness of fat-melting, it is doubtful whether 
these vapors and gases are actually injurious to health, excepting in an 
indirect way. To most people the odors are disgusting, and if exposed 
to them, they must keep their doors and windows closed, and deprive 
themselves of fresh air. In delicate persons, it is said, anorexia, head- 
aches, nausea, and even vomiting may be caused by them. 1 have yet to 
see such a case myself. A short exposure to the atmosphere of such an 
establishment renders one habituated to the smell, and the workmen are 
generally in vigorous health. But although probably not detrimental to 
health, these smells are destructive of comfort, and certainly constitute a 
serious public nuisance. I may be pardoned for quoting from Ballard, 
who has made extensive investigations on this very point. He says (p. 
201) : "I have not been able to discover that any other injury to health 
has been attributable to the fat-melting nuisance than that dependent 
upon its disagreeable impression on the senses. In hot weather especially 
the smell of melting fat is, from its associations, unpleasant and even 
nauseating to some delicate persons who, at that season, are unpleasantly 
impressed even by the smell proceeding from their own kitchens. In the 
Southampton case one person stated that his workwomen had to give up 
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their work in the summer-time, in consequence of their health being in' 
jured by the closeness of the room, arising out of the necessity of keeping 
the windows shut to exclude the intolerable smell. Others complained of 
being made sick, and one lady, not generally a delicate person, of fre- 
quently suffering from diarrhoea after about half an hour's exposure to 
the smell." These latter statements, coming from people who are trying 
to suppress a nuisance, are naturally liable to be exaggerated, and must 
be taken with allowance. 

The only way to abate the nuisance caused by fat-melting is to con- 
fine the offensive gases, so as to prevent their escape into the external 
atmosphere, and to destroy them as fast as they accumulate. The gases 
themselves are combustible, but there is usually more or less water min- 
gled with them in the form of steam, which must be condensed before 
the gases can be burned. Accordingly, fat-rendering is now done, for 
the most part, in perfectly tight kettles or tanks, and the gases and 
vapors are passed, as fast as they are evolved, through a condenser, 
where the watery vapor is retained, and thence into the furnace, where 
they are consumed. 

There are many varieties of apparatus in use for this purpose, of which 
it will be sufficient to mention those which have been proved to be most 
effective. 

The simplest form of condensing apparatus is that in which the gases 
are conducted from the kettle by a pipe to either the top or the bottom 
of an upright iron or copper cylinder, through which there is a constant 
flow of water in the form of jets or spray (Fig. 3). The water may be 
discharged on a perforated plate, near the top of the cylinder, whence it 
falls to the bottom in fine streams, or it may be a little more scattered by 
a rosette, or it may leap down from one to another of a series of shelves 
placed alternately on one side and the other of the condenser, from the 
top to the bottom, or the form of condenser called a scrubber may be used, 
in which the cylinder is loosely packed with a porous material, usually 
coke, kept wet by a constant trickling of water through it. (See Fig. G.) 
In all these forms the condensation is much more perfectly accomplished 
if the gases are introduced at the bottom, and have to work their way 
upward against the current of water. Another pipe leads from the end 
of the condenser, opposite to that at which the gases enter, to the fur- 
nace. Thus the furnace-draught exercises a powerful suction on the con- 
tents of the condenser, and keeps up a constant circulation through it. 
The gases are consumed in the fire, and thus are not only prevented from 
creating a nuisance, but also serve in a slight degree as fuel. 

Many houses in New York use Bond's Condenser, which is a little 
more complex. In this the gases from the boiling fat are first passed 
into a retort containing iron chips and turnings, built into the back of the 
furnace. (Fig. 4.) In this it is claimed the gases are deodorized by the 
withdrawal of some of the oxygen and sulphur, which combine with the 
iron. Thence they pass into a tank filled with running water, and from 
there finally into the furnace fire. 
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H. Vohl's apparatus, used in Europe, combines a purifier and scrubber. 
(Fig. 6.) The gases are first passed downward over a series of shelves, 
one under another, covered with powdered lime. From the bottom of 




Fig. 6. — Vohl's fat-rendering apparatus. 



this purifier a pipe runs downward to a point near the bottom of a scrub- 
ber KUed with coke, moistened with sulphuric acid. From the top of this 
scrubber another pipe conveys the gases to the furnace fire. At the most 
dependent portions of the purifier and scrubber are waste-pipes, which 
convey the condensed fiuids to the sewer. 

As it is often desirable to watch the fat while it is subjected to heat, 
these steam and gas-tight tanks ai"e provided with a mica plate at some 
point, through which its changes can be accurately noted. 

The above means are sufficient to prevent the escape of any offensive 
odors, provided the apparatus is kept in proper repair and not allowed to 
leak. Attempts have been made, however, to abate the nuisance by 
changing the method of rendering, so as to prevent the evolution of offen- 
sive gases at all. This is done by rendering the fat at a temperature so 
low as not to decompose it. 

D'Arcet has proposed to separate the fat from its membranes by 
means of sulphuric acid. One hundred parts of fat, chopped fine, are put 
in a kettle with fifty parts of water and one part of sulplmric acid (con- 
centrated 1.85) and heated to a temperature of 105°-110° C. (220°-230° 
Fahr.). The sulphuric acid attacks the albuminous tissues, allowing the 
fat to melt out freely. There are some vapors of sebacic acid evolved 
(Tardieu), but they are not so plentiful or so strong as by other methods. 
The tallow produced is hard and white, and from 83 to 85 per cent, can 
be obtained by this process, while the ordinary methods give only 80 to 
82 per cent. The scraps, being mingled with sulphuric acid, can only be 
used for manure. 

Evrard at Douai mingles the fat as it comes from the animal with a 
dilute solution of caustic soda. The alkali dissolves the animal mem- 
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branes, freeing the fat, and also fixes the offensive fatty acids by saponify- 
ing them. This method produces a very white, inodorous tallow, and 
never requires a heat of more than 100° C. (212° Fahr.). After the ren- 
dering is complete, the alkaline liquid containing the fatty acids is decom- 
posed by dilute sulphuric acid, and the offensive acids thus obtained sold 
to manufacturers of soap. 

Cook has proposed to comminute the fat and render it at a very low 
temperature, viz.: 120° Fahr. The enveloping membranes are crushed 
and torn, and the temperature is barely high enough to make the fat as- 
sume the liquid form and separate from the other tissues. This is neces- 
sarily a slow process, and requires so much manipulation that it is not 
likely to come into general use. 

Lard-refinlng. — The lard which comes from the first rendering of pork- 
scraps, contains impurities, which make it unfit for the general market 
until it has been refined. The process of refining consists in remelting it 
and mingling it with water by means of revolving paddles, and then allow- 
ing the water containing the impurities to settle. The clean, white lard 
is then packed in tins for sale. 

As the temperature used is barely sufficient to melt the lard, and 
none of it is decomposed, the odor from these establishments is not offen- 
sive, excepting to the most delicately constituted persons, and does not 
give rise to a greater nuisance than ordinary cooking. Occasionally, 
however, the proprietors of such establishments will i-efine inferior quali- 
ties of "grease," which are offensive even in a congealed condition, and 
when heated even moderately give forth most disgusting odors. In such 
cases, condensers are necessary, as described above for fat-rendering. 

Soap-iuaklnf/. — In the manufacture of soap, fats and oils are mingled 
Avith alkalies and boiled. The mixing is done in immense kettles, some- 
times fifteen feet wide and thirty deep, and heat is applied either by the 
direct flame, or by a steam-jacket, or the steam may be infused into the 
mass. The fats are decomposed, and the fatty acids which are liberated 
unite with soda to make what is called hard soap, or with potash to make 
soft-soap. Excepting for the very finest soaps, the manufacturers use 
inferior qualities of fat, the "grease" of pork-scraps, butchers' trimmings, 
and the refuse fats of domestic kitchens. By the time it reaches the 
soap-factory, these fatty substances are often in a highly offensive condi- 
tion, and it is the heating of such fat that gives rise to the nuisance 
connected with soap-making. If the fat is in the form of scraps and 
trimmings, it has to be rendered, and if it has been previously rendered 
and is brought to the factory in barrels ready for use, it has to be taken 
out by melting. This is generally done by placing the barrels side by 
side over a trough or gutter, with the bung-hole downwards, and inserting 
a jet of steam into the bung-hole. 'J'he fat, as it melts, runs along the 
gutter into the kettle or vat prepared to receive it. The heat to which 
the fat is subjected in any case, whether rendered or simply melted, is 
sufficient to cause an abundant evolution of offensive gases. 

A certain amount of nuisance is also caused by the collection and 
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Storage of offensive fatty substances even in a cold condition. This is to 
be avoided by having such matters collected in perfectly tight receptacles, 
and not opening them until their contents are required. The nuisance of 
the fat-rendering is to be abated by the use of condensers and the burning 
of the gases, but where the materials rendered are extremely offensive, 
unusual care is required to guard against leaks in the apparatus. The 
nuisance caused by melting "grease" out qf the barrels is more difficult 
to control. In B. T. Babbit's immense factory in New York, this opera- 
tion is performed on the upper floor of a six-story building, and the 
mingled steam and gases escape into the external atmosphere through 
the open windows. Although this factory is located in a populous neigh- 
borhood, the gases become so quickly diffused, that I not only have never 
perceived them myself, but have never received any communication re- 
garding them from any citizen. If it should become necessary to abate 
the nuisance produced by this operation, it might be done by keeping the 
room tightly closed, with the exception of a ventilating-flue for the en- 
trance of fresh air, and having the vapors and gases drawn from the room 
by a powerful blower and sent through a condenser and into the furnace 
fire. 

Glijcerine-rejimH(j. — By the decomposition of the fats in soap-making 
large quantities of glycerine are formed, which, however, is very impure, 
being contaminated with saline and empyreumatic substances, and having 
a very disagreeable odor. The residuary liquors are evaporated and 
treated with alcohol, which dissolves out the glycerine. The alcohol is 
then evaporated, and the glycerine remaining behind is diluted with 
water and then boiled with animal charcoal. This latter process has to be 
repeated several times, until the glycerine is free from smell. 

If special means are not adopted to prevent the escape of offensive 
odors during these operations, the establishment is a very great nuisance. 
Attempts which have been made in New York, by means of tightly-cov- 
ered kettles and condensers, to abate the nuisance, have not been very 
successful, and it seems best to remove such a business to a sufficient dis- 
tance from dwellings to prevent the odors from being perceived. 

Gut-cleanhuj. — The small intestines of slaughtered animals are used 
for sausage-casings and for making catgut. For these purposes only the 
peritoneal layer is required, and the separation of this layer from the 
others forms a business by itself. The guts are laid in a tank of water 
for six or eight days, until the connective tissue is very much Aveakened 
by putrefaction. They are then removed and laid upon a table, when 
workmen, by means of blunt knives or wooden instruments, press the 
mucous and muscular coats along from one end to the other. The peri- 
toneal coat is then thoroughly washed and cleaned and handed over to the 
sausage- and catgut-makers. 

Til is business is one of the most offensive possible, for the air of the 
room is filled not only with the gaseous products of putrefaction, but with 
fjpcal odors from the imperfectly washed intestines. The business neces- 
sitates a copious use of water, and the floor and sides of the room are 
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always wet and sloppy, while the abundant moisture favors the further 
putrefaction of animal matters that may through carelessness be left on 
the premises. 

Notwithstanding the extremely offensive character of this business, it is 
the general belief of writers on the subject that the odors from these 
places are not detrimental to health. Parent-Duchatelet, quoted by Tar- 
dieu, says that the emanations from gut-cleaning establishments can be 
respired with as much impunity as the sweetest odors, and that neither 
the workmen who live in the offeTisive atmosphere nor persons who are 
temporarily exposed to it experience the slightest unwholesome influence. 
Moreover, the smells from such establishments rarely diffuse themselves 
to any great extent, and they can seldom be perceived beyond the doors 
of the shop. 

Nevertheless, under certain conditions, the odors may affect the public, 
particularly in summer, when every door and window is wide open. The 
business should therefore be carried on in such a way as to reduce any 
possible nuisance to its minimum. To this end the water of the tank in 
which the intestines are macerated may be disinfected, as is sometimes 
done in France, by a weak solution of chloralum or chlorinated soda. 
This is said to abate the nuisance entirely, and not to injure the tissues in 
any degree. The time of maceration may be shortened by warming the 
water to 80° or 90° Fahr. The place should be kept as clean as possible, 
and to aid in this, the tables should be stone slabs and the floor of asphalt. 
All scraps should be immediately removed, and the floor and walls washed 
after the day's work is over. All liquids should be run off into the sewer 
by a drain in some part of the floor. 

Bone-hoiling. — Bones are boiled for the purpose of extracting the fat 
and the nitrogenous matters, which, by the action of hot water, form gela- 
tine or size. They are boiled in large kettles, either by the direct appli- 
cation of fire, or by a steam-jacket, or more commonly by the direct intro- 
duction of steam into the mass of bones. The long bones are sawn in two 
lengthwise, so as to expose the marrow, and after prolonged boiling the 
size and fat separate, and can be drawn off to cool. The fat is then sent 
to the soap-makers, while the size is used by the manufacturers of felt 
and various prints. Those of the long bones that are suitable for the pur- 
pose are used in the manufacture of buttons and knife-handles, and the 
remainder are sent to the fertilizer factories. 

If the bones are perfectly fresh, the odor given out while they are 
boiling is not unpleasant. It is merely the smell of boiling broth or 
soup. But if, as often happens, they are tainted, and the fats in them 
have become rancid, the odor is insupportable. If bones are allowed to 
accumulate in large quantity before boiling, they soon become offensive. 

The storage of bones has already been spoken of. Wherever offensive 
bones are boiled, so that the establishment is likely to be a public 
nuisance, the kettles should be provided with tight covers and condensing 
apparatus, as recommended for fat-rendering. 

Tr'qie- and offal-hoiling. — Tripe, the first stomach of the ruminating 
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animals, has to be thoroughly cleaned before it is fit for the market. This 
is clone by washing and scraping, and, if perfect cleanliness is observed, 
and all scrapings are removed daily, such places do not create a nuisance. 
Neither does the boiling of tripe for food. 

Offal of various kinds is sometimes boiled for dogs and cats or swine. 
If it is fresh, no nuisance is created; but if it is tainted, the odors from it 
may be very offensive. In such cases, tight vessels with condensers must 
be used, and the bad smells which escape from the hot boiled meat, after 
it has been taken from the kettles or tanks, may be obviated by putting it 
immediately in cold running water (Ballard). 

Blood-boiling. — The blood of slaughtered animals is boiled for the 
purpose of coagulating its albumen and bringing it into a fit condition to 
be used in the manufacture of fertilizers. For this purpose the blood is 
put in large tanks and steam discharged into it through movable pipes, 
which can be directed toward different parts of the mass as desired. 
After coagulation, the blood is put into the " driers," huge iron cylinders, 
which revolve inside a steam-jacket, and inside of which again are revolv- 
ing arms, which continually stir the mass to keep it from burning. By 
these means the blood is converted into a fine brownish-red powder, with 
hardly any smell, and this is sent to the fertilizer manufacturer. 

WhcTi blood is perfectly fresh, the odor evolved during these processes 
is not disagreeable, and would hardly be considered a nuisance. But blood 
is a very perishable article, and soon becomes putrescent, especially in hot 
weather. The smell is then exceedingly offensive. Special apparatus is 
therefore needed to overcome this source of nuisance. On board the " Al- 
gonquin," in New York, the difficulties have been successfully met. (Fig. 7.) 




Fig. 7. — Blood-boiling apparatus ("Algonquin "). 

Over the boiling tanks or vats are large wooden hoods, which completely 
cover them, and the lower edges of which overlap the upper edges of the 
tanks, while under them and between them and the tanks is abundant 
space for a man to stand upright. From the tops of these hoods run 
flues which unite in a single one, at the further end of which is a power- 
ful fan or blower, which draws all offensive gases from the tanks so per- 
fectly that they cannot be perceived in the slightest degree just out- 
side the hood. From the blower the gases and vapors are passed into the 
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base of a spray condenser, from the top of which they go to a horizontal 
condenser, filled with running water. This also receives the gases and 
steam from the " driers." From this last condenser all the uncondensed 
gases are drawn downward into the furnace fire, where they are so 
thoroughly consumed that at the top of the chimney not the slightest 
odor can be perceived, other than that of smoke or coal gas. 

The blood should be kept in tight vessels until used, and the floors 
and walls must be kept clear of dried blood, or they will become offensive. 

Pork-pachiu(j. — In establishments for pork-packing the pigs are pur- 
chased whole, and cut up on the premises. Some portions of the animal 
are then cured and smoked, while others are packed in brine, the trim- 
mings being "tried out," or " rendered " for lard. There are only two 
points in the conduct of this business that are ever likely to cause a 
public nuisance. The first is the escape of smoke from the smoking-room. 
Bacon is cured by the smoke of hard-wood — oak or hickory being most 
frequently used. If the room is not perfectly tight, the escaping smoke 
will enter other premises, and to some people it is very disagreeable, 
because there goes with it a certain amount of odor from the heated 
bacon. 

The second source of nuisance is the waste brine, which is often 
poured into the street gutter, and as it contains an appreciable amount 
of blood and other albuminous matters, it soon becomes putrescent and 
offensive. 

To prevent these nuisances, it is only necessary to have the smoking- 
room perfectly tight, and so arranged that at no time can any smoke 
escape from it excepting through a flue, which discharges it above the 
tops of the neighboring buildings, and to have the floor of the room 
where the brine is changed graded toward a drain, which shall carry all 
refuse liquids into the sewer. 

Tannmg and leather-dressing. — The skins of slaughtered animals are 
cleaned to some extent immediately after killing. Bullocks' hides are 
washed to free them from blood, and then salted down in layers, or dried, 
as in South America and Texas, for export. Sheepskins are taken by 
the fell-monger, and soaked in vats containing milk of lime, which loosens 
the wool. After the wool is removed, the skins are put back in the lime- 
bath until ready for dressing. Tanning is properly the making of leather 
out of bullocks' hides, while the finer skins, as those of sheep, calves, 
and goats, go to the leather-dresser. 

To prepare skins for the final operation of tanning, they are thoroughly 
cleaned, deprived of the hair, and soaked in different fluids, to render 
them soft and supple. After liming, all adherent flesh and hair are re- 
moved, the skins are trimmed at the corners and edges, and then placed 
in a vat containing dog's or pigeon's dung, to undergo the process called 
" puering." They are kept in this bath from ten minutes to two or three 
hours, until they become supple, when they are removed, and then un- 
dergo the regular processes of tanning. 

The chief sources of offence in this business are the storage of offen- 
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sive matters on the premises, such as hides that liave been imperfectly 
cured or cleaned, so that the blood and flesh still adhering- to them is 
putrescent, the retention of fleshings that have been already removed, the 
ammoniacal odor that comes from the limed hides when they are taken 
from the vats and drained, and the intolerable smell given off by the 
"puering" vats. 

The first source of nuisance may be obviated to a great extent by per- 
fect cleanliness and the prompt removal of scraps and fleshings. If the 
latter are allowed to accumulate on the premises, they should be disin- 
fected. The other nuisances cannot be suppressed. It would seem as 
if some less offensive material might be used than the so-called "puer," 
but those who are engaged in the business say that nothing else answers 
the purpose (Ballard). It would seem, then, that tanneries should be re- 
moved to a distance from dwelling-houses, or at least that the "puering" 
vats should be put on the farther side of the yard. 

Glue-ma1ci)i(f. — The clippings of hides, the ears, hoofs, and useless 
skins are utilized in the manufacture of glue. The matters are first soaked 
in milk of lime, to clean them of blood and flesh, and remove the oil, and 
then boiled in water over a fire. The mass is boiled until the liquid pro- 
duced will gelatinize on cooling, when it is drawn off into another kettle, 
where it is sometimes allowed to cool, and at other times is kept warm 
without stirring, in order to allow impurities to sink to the bottom. The 
clear liquid is then again drawn off and allowed to cool. The resulting 
jelly, cut into slices and strips, and dried, forms the glue of commerce. 

The offensive part of this process is the boiling of the animal tissues, 
which are often in a very offensive condition. The odor given off by 
such works is sometimes intolerable, and yet it is the general belief of 
sanitary writers, that, like other offensive animal substances, the gases are 
not deleterious ones. The only opinion to the contrary that I have met 
with is that of Dr. Goldie, Medical Officer of Health for Leeds, England, 
quoted by Ballard (op. cit., p. 183). He says that during the six years 
ending December, 1875, in an estimated population of 1,935 persons, not 
exceptionally poor or overcrowded, exposed to effluvia from the Hunslet 
Glue-Works, "the mean annual mortality from all causes amounted to 
35.0 per 1,000, while that from the five zymotic diseases, small-pox, scarla- 
tina, measles, fever, and diarrhoea, amounted to 9.12 per 1,000. Taking 
the whole Hunslet ward in which this little colony is situated, the annual 
death-rate from all causes during the same six years varied from 27.0 to 
29.9, the mean being 27.9; and the death-rate from the five zymotic 
diseases mentioned varied from 4.(5 to 6.0, the mean being 5.4. Dr. 
Goldie tells me, from his knowledge of the district, that he is not aware 
of any conditions of locality or character of population that could possi- 
blv account for the great mortality about the glue-works, other than the 
presence of the offensive works themselves." As this testimony is so at 
variance with the opinions of others, it is difficult not to believe that there 
are some as yet undiscovered reasons for this difference of nearly 100 per 
cent, in the mortality from zymotic diseases, especially as small-pox, 
Vol. II.— 28 
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scarlatina, and measles are not supposed to be due to any other than a 
specific poison. The very fact that a certain number of people dwell near 
offensive glue-works would seem to imply that they were very poor and 
not able to live in better quarters, and poverty always means bad food, 
bad air, and bad habits of life. 

The offensive vapors from boiling glue are to be (condensed and burned 
xipon the same principles as those from melting fat, and the accumulation 
of offensive material on the premises should be avoided as far as possible. 

ISheU-burnlng. — The shells of shell-fish are burned in large quantities 
for the sake of the lime. As they contain some animal matter, and there 
are often portions of the shell-fish still adhering to them, the process 
gives rise to disagreeable odors. 

The only remedies would seem to be the removal oi such establish- 
ments from the vicinity of dwelling-houses, or the erection of a tall 
chimney connected with the kiln, so that the unpleasant gases might be 
diffused in the upper atmosphere. 

Recapitulation. 

The chief sources of nuisance, therefore, in the manufacture of animal 
substances are: 

1. Storage of offensive material. 

2. Uncleanliness. 

3. Evolution of offensive gases as a result of the application of heat to 
animal substances. 

And the remedies suggested are: 

1. Storage in tight vessels. 

2. Frequent washing, good drainage, prompt removal of refuse. 

.3. Passage of the offensive vapors and gases through condensers, and 
thence into the furnace flames. 

b. Manufacture of Vegetable Substances. 

Hrewing. — Beer is almost invariably made from barley. The grains, 
which are carefully selected, are put in large vats or tubs, made preferably 
of stone or cast-iron, and covered with three or four times their volume 
of water, at about G0° Fahr. After they have been soaked sufficiently, 
the water is drawn off, and the grain is'spread over the floor of the germi- 
nating-room in heaps. During germination the gluten of the grain is 
changed into diastase, which is afterwards the means of converting the 
starch into sugar and dextrin. When this process has reached a certain 
point, the grain is removed to the drying-room, where it remains for a 
short time, and is then ready for roasting. This latter process is carried 
out in kilns, and has for its object the production of certain empyreumatic 
substances, which affect the color and taste of the beer. The roasted 
malt is then ground in mills, which do not pulverize, but only crush it. 

The malt thus formed is now mixed with warm water in the mash-tubs, 
where it is stirred by revolving arms, so as to bring the water into intimate 
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contact with all of the grain. The water enables the diastase to act upon 
the starch, and also dissolves the sugar as fast as it is formed. The liquid 
(called wort) is run off at intervals, and a fresh quantity supplied. As it 
comes from the vats, it contains about five per cent, of sugar and six per 
cent, of dextrin, with nitrogenous and other constituents. The wort is 
then boiled, hops are added, the solution cooled and fermented. 

The offensive odors which sometimes come from breweries are caused 
by the retention of matters on the premises which undergo the acetous 
fermentation. If the drainage of the soaking vats is not good, the water 
in which the grain is first steeped may not be carried off, and may become 
offensive. If the crushed malt, after the wort has been drawn from it, is 
stored on the premises, it very quickly becomes sour and offensive. If 
the floors and walls of the different rooms are not kept perfectly clean, the 
substances adhering to them may decompose and taint the malt as well as 
the atmosphere. 

To prevent any of these nuisances, the floors and walls of the rooms 
where moist matters are handled should be water-tight and entirely free 
from crevices and holes. They may with advantage be made of asphalt or 
concrete. They should be well drained, and all waste liquids should be 
immediately run oft' into the sewer. The place should be kept scrupu- 
lously clean, and the mash, after its virtues have been extracted, should 
not be kept on the premises, unless it is stored in tight vessels. It is 
better to remove it while it is fresh and sweet. 

Gas-making. — Illuminating gas is produced by tlie destructive distil- 
lation of bituminous coal. The coal is put into large retorts, which are 
maintained as nearly as possible at a cherry-red heat. The gases which 
pass off form a very complex body, containing many impurities besides the 
compounds which give it its illuminating power. These impurities are 
chiefly sulphuretted hydrogen, aminonic hydrosulphide, ammonic car- 
bonate, carbonic anhydride, carbonic disulphide, and aqueous vapor. 
There are also various condensable hydrocarbons, which would soon clog 
the service-pipes, and which therefore have to be separated during the 
process of manufacture. It is necessary to have the sulphur compounds 
and the ammonia also removed, because during the combustion of the gas 
the former bodies would form sulphurous anhydride, which, absorbing 
water and oxygen from the air, would form sulphuric acid, and thus be 
deleterious to health and injurious to almost everything exposed to its in- 
fluence, while the ammonia, by combustion, is liable to form nitrous com- 
pounds, which may be fully as noxious as the former. 

The chief apparatus of a gas manufactory, therefore, is that for cleansing 
the gas by separating these impurities. As the gas leaves the retort it is 
conveyed by pipes to the hydraulic main, a cast-iron trough half filled with 
water, into which the pipe dips downwai'd. The gas bubbles through, but a 
part of the tarry matters and of the ammoniacal liquor is condensed, and 
runs off by special means provided for the purpose into the tar-well. From 
the hydraulic main the gas goes to the condenser, a series of iron tubes con- 
taining pipes with running cold water. Here the gas is cooled and de- 
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posits other condensable tars and water. From the condenser it is drawn 
by an " exhauster," which drives it through the scrubber. Tliis consists 
of one or more cast-iron cylinders divided into two parts by a partition run- 
ning- from the top nearly to the bottom. These cylinders are filled with 
coke, which is generally moistened with ammoniacal liquor. The gas 
enters at the top of one division of the scrubber, passes down through the 
coke to the bottom, then up through the other division, and so out. Here 
a considerable part of the annnoniacal compounds are left, and nearly all 
the remaining tar. The ammoniacal liquor from these scrubbers, contain- 
ing ammonia in combination with carbonic acid and sulphuretted hydro- 
gen, together with sulphuric, sulphurous, cyanic, sulphocyanic and hypo- 
sulphurous acids, with a little free ammonia, is used in the manufacture of 
ammoniacal salts. 

The remaining impurities are carbonic dioxide (carbonic acid) and sul- 
phuretted hydrogen. To remove these, the gas is passed through puri- 
fiers. These consist of a series of shelves in a closed chamber, covered 
with quicklime or hydrated ferric oxide, so arranged that the gas passes 
downward over one series of shelves and then upward over the other. 
The lime is thus partially converted into calcium sulphide, and the iron 
into the sesquisulphide, and the contents of the purifiers must be occa- 
sionally exposed to the air for reoxidation. When the lime is thus 
oxidized, it gives off ammonium sulphide and sulphuretted hydrogen, 
while from the iron free sulphur is precipitated. The lime can in this 
way be used again and again, while the iron, after sufficient free sulphur 
has accumulated to impair its efficiency (about 40 per cent.), is utilized in 
the manufacture of sulphuric acid or other chemicals. After leaving the 
purifiers, the gas is ready for consumption, and is stored in the gasometers. 

The offensiveness of gas-works is due partly to the escape of gas 
through leaky joints and from the water-seals of the gasometers, and 
partly to the exposure of the lime from the purifiers, when the ammonium 
sulphide and sulphuretted hydrogen given off render the vicinity of the 
works very offensive. 

Even with the best workmanship and the closest attention, it seems 
impossible to prevent occasional leaks in the apparatus used. There are 
so many feet of pipe and so many joints, both in the pipe and in the dif- 
ferent chambers, and the pressure of the gas is so great, that the odor of 
escaping gas is often the first indication of an imperfect joint. Of 
course, the remedy for leaky joints is proper luting. The parts are com- 
monly fastened together by screws and nuts, by cement, or by lead. 

The chief reason for clinging to the lime method of purifying gas is 
that it not only removes the sulphuretted hydrogen but the carbonic 
anhydride, which impairs the illuminating quality of the gas. Attempts 
have been made to cleanse the lime of the impurities absorbed by it by 
blowing pure air over it in closed chambers, but they have not been very 
successful, and it seems that the lime-purifiers should be given up. The 
iron purifiers cause no nuisance, and should be adopted, in one or another 
of their luimerous modifications, in all gas-works. With the best of care, 
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however, the nuisance of gas-works cannot be entirely abated, accordingly 
such works should not be allowed in the immediate vicinity of dwellings. 
In England, according to the Gas-works Clauses Acts of 1847 and 1871, 
factories are not allowed to make gas or work over residues without 
written permission of owners, lessees, or temporary tenants of all inhabited 
houses within 300 yards of the works. 

Distillinfj. — Establishments for the distillation and rectification of 
spirits are all conducted upon the same principle, though with variously 
modified apparatus. The liquids containing alcohol are subjected to the 
action of heat, and the alcoholic vapor is condensed by being carried in a 
spiral-pipe, called a " worm," through a vat of cold water. The nuisance 
caused by these establislnnents is due partly to the refuse water which 
has been used to wash the apparatus, and partly to the residues of the 
distillation. 

The refuse liquids of distilleries are run into sewers or discharged by 
drains into the nearest water-course. The pollution of water caused 
thereby will be treated of elsewhere. When the more solid residues of 
the process are burned or carbonized on the premises, very offensive odors 
escape from the furnace. The gases evolved can be partially destroyed 
by passing them through a second furnace, behind the carbonizing space, 
but their destruction is not completed in this way, and a tall chimney is 
necessary, so that they may be sufficiently diluted before reaching the 
ground to be unnoticed. 

l^i(f/ar-refining. — Sugar, as it comes from the first maker, is not yet 
fit for the market. It contains various impurities, as sand, earth, bits of 
crushed cane, coloring matters, albumen, various salts, as potassium chlo- 
ride and nitrate, sodium chloride, calcium carbonate, phosphate and malate, 
and magnesium phosphate, besides vegetable acids (malic, pectic, acetic 
and lactic), in sugars which have come from the tropics and undergone 
slight fermentation (Payen). To remove these substances, the sugar is 
subjected to various methods of treatment, and among others that of 
filtration through animal charcoal. The charcoal after a tmie becomes so 
loaded with impurities that it no longer purifies the fluids that pass 
through it. It does not thereby become useless, but, if heated to a red 
heat, recovers its valuable properties. This process, called "revivifica- 
tion," IS attended with the evolution of very offensive gases (according to 
J)r. R. D. Thompson, carbonic anhydride, carbonic dioxide, various hydro- 
carbons, ammonium sulphide, ammonium acetate and carbonate), and con- 
stitutes the principal nuisance connected with sugar-refining. 

In this process, as in the one last mentioned, the gases may be par- 
tially consumed by a second fire, l)ut a tall chimney is necessary to abate 
the nuisance to any sufficient extent. 

]lne(/(U'-)n(ikiiH/. — The manufacture of vinegar and of pickles fills the 
air with the odor of acetic acid, which to many people is exceedingly un- 
pleasant. It is better that such establishments should be removed from 
the immediate vicinity of dwellings, but if near dwellings, something may 
be effected towards abating the nuisance by thorough cleanliness. The 
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floors should be of impermeable material, lii one case tlie nuisance 
caused by a pickle factory in innnediate proximity to a dwelling was ap- 
preciably diminished by the construction of a shaft for ventilation, ex- 
tending from the ceiling of the room in which the principal work was 
done to a point a foot or two above the roof of the adjoining house. 

Varmsh-niakuH/. — Varnishes are made by dissolving certain resins, 
as copal, mastic, and sandarach in turpentine, wood-naphtha, alcohol, or 
linseed oil, with the aid of gentle heat. Camphor is used in the manu- 
facture of certain kinds of varnish, and of late also a number of other 
carbon compounds. 

The heating of these resins, oils and spirits gives rise to peculiar odors, 
of a somewhat sickening character. As will be noticed, all of the sub- 
stances used are very inflammable, and are brought in close proximity to 
fire. The business, therefore, is not only an offensiv'e one, but exceed- 
ingly dangerous. 

Such establishments should, therefore, be removed several hundred 
feet from the neighborhood of dwellings. 

c. Manufactnre of Mixed S^ahstances. 

Cooking. — ]\Iany of the substances used for human food give off 
very disagreeable odors while cooking. Indeed, to many the smell of a 
kitchen, during the preparation of. any article of food whatever, is in- 
tensely unpleasant, while the bad smell of certain vegetables, as cabbage, 
turnips, and onions, and of some salted meats, is recognized by all. As 
the kitchen is generally situated in the cellar or basement of the building, 
the odors ascend toward the upper rooms, and often fill the entire prem- 
ises. As long as the smell is confined to a single house, it does not come 
under our definition of a public nuisance; but the kitchens of restaurants 
or hotels, where immense quantities of food are prepared daily, are often 
so situated that the gases and vapors from them escape through the doors 
and windows and constitute a serious nuisance to the occupants of 7ieigh- 
boring premises. This nuisance is liable to be worse iji summer, not only 
because windows are then always open, but because such smells are to 
most people especially disagreeable in hot weather, for they almost in- 
variably consist largely of fatty vapors and are physiologically repugnant. 

The radical cure for this nuisance would be undoubtedly the removal 
of the kitchen to the top of the house, so that the heated air would pass 
out of the windows into the external atmosphere above the adjoining 
houses. In buildings supplied with elevators, this is quite practicable, 
and I have seen a public restaurant, the kitchen of wiiich was located on 
the top floor. The odors may be somewhat confined by having a hood or 
cowl covering the range, and connected liy a flue with the chimney. 
Where much frying or broiling is done, and a great amount of greasy 
smoke generated, this becomes almost a necessity. The ceiling and walls 
of the kitchen should be perfectly tight, as if there are crevices in them, 
the smoke and oily vapors will penetrate the partition walls, and so pass 
over the building, filling it for a considerable time with a stale, disagree- 
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able smell. In one case where the kitchen of a restaurant was in the 
basement of a building filled with offices, and its ^vindows looked out 
upon a court lined with offices, all nuisance was abated by putting sheet- 
iron hoods over the upper part of the windows, connecting them with a 
flue extending above the roof of the building. AVhen the windows are 
open, there is an inward current of cool air at the bottom, and a continu- 
ous current of hot air, laden with smells, upward through this flue. The 
action of such a flue may be assisted by a rotary ventilator at its upper 
end. 

2. Those processes wJdch are offensive on account of the fumes caused 

The peculiarity of the businesses grouped under this heading is, the 
production of acid gases which escape into the external atmosphere, 
unless special means are taken to confine them. The materials dealt 
with are not in themselves offensive, if we except the manufacture of 
superphosphates and ammonia with its salts, and the fumes evolved are 
by-products of the manufacture. The two businesses above mentioned 
as exceptions have been placed under this division of the subject rather 
than under the last one, because, although the odors given off by them 
are offensive, the emanations are mainly acid fumes, and the results of 
the process are chemical products. As the nuisance caused by these 
works is nearly the same in all, and the remedies are merely varied appli- 
cations of the same principle, it will be more convenient to describe briefly 
the different processes, and then consider the extent of the nuisance and 
its abatement under one heading. 

Manufacture of cheinicals. — This heading would naturally include a 
vast number of processes, but only a few of them are conducted on a 
sufficiently large scale to give rise to a public nuisance. In the French 
classification, the manufacture of the different acids is included, but it is 
now a considerable time since the processes were so improved as to con- 
dense and save all of the fumes, instead of discharging them externally. 
The processes most productive of nuisance at the present day are the 
manufacture of ammonia and ammonium sulphate, of soda, and of the 
superphosphates used as artificial manures or fertilizers. 

Aniinonia and ammonium sulpJiate. — These substances are manufac- 
tured in immense quantities from the refuse ammoniacal liquor of gas- 
works. This liquor is very complex in its composition, containing am- 
monium hyposulphite, annnonium sulphide, ammonium carbonate and 
bicarbonate, ammonium sulphate and chloride, with a small amount of 
ammonium sulphocyanide and benzoate, and from one to five per cent, of 
free ammonia. This liquor is distilled and the ammonia condensed in a 
" worm " as it passes over. When ammonium sulphate is to be prepared, 
the ammonia is passed immediately into a lead-lined tank containing sul- 
phuric acid, and the crystals raked out and drained of liquid as they 
form. 

The nuisance caused by these works is due to the sulphuretted hydro- 
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gen, Avhich escapes in considerable quantity from the refuse liquor. 
When the latter is run into the sewer, the offensive odors may be spread 
along the line of the sewer for a considerable distance. 

Soda. — This substance is obtained by heating sodium sulphate in solu- 
tion with lime, the lime Avithdrawing the sulphuric acid from the salt and 
leaving caustic soda. The sodium sulphate is prepared in the same works 
by the action of sulphuric acid on common salt. The decomposition is 
effected in a furnace, and immense quantities of hydrochloric acid are pro- 
duced in gaseous form. It is desirable to save this acid on account of its 
commercial value; but although several successive water-condensers have 
been used, a large amount of gas always escaped from the chimney vmtil 
within a few years past. These works also send forth fumes of sulphuric 
acid to some extent, and nitrous gases from the sodium nitrate used to 
purify the soda from the sulphites, hyposulphites and sulphides of sodium 
contained in the solution. As commercial sulphuric acid always contains 
a little arsenic (if made from pyrites, from 2 to 3 lbs. of arsenious acid to 
the ton), there is a little of the vapor of this substance also in the ema- 
nations. 

Superphosphate of lime. — The preparation of artificial manures consti- 
tutes a very extensive and important industry. They are made of almost 
any material containing much phosphorus, nitrogen, and earthy salts. 
Ballard gives the following list of substances used: coprolites, apatite, 
phosphorites, South Carolina, French, and other mineral phosphates, 
Mejillones, Sombrero, and other phosphatic guanos, crushed bones, bone- 
char and bone-dust from sugar refineries and manufactories of animal 
charcoal, calcined bones, sugar scum, ammoniacal guano, blood, flesh, 
offal, leather, scraps of skin and wool, shoddy, scutch (refuse of glue- 
works), night-soil, salt, nitrate of soda, sulphate of ammonia, gypsum, 
soot and flue-dust, etc. It will be seen that this list includes almost 
everything that is useless for other purposes. Indeed, these manufac- 
tories but facilitate that application of waste animal matters to the soil, 
for the use of vegetable life, which nature accomplishes in a tedious 
manner. 

The animal matters are subjected to the action of hot steam in tight 
tanks, made like the steam -tanks described under fat-rendering. When 
sufficiently disintegrated, they are removed to huge driers, like those 
heretofore described under blood-boiling. When removed from the driers, 
they constitute a dry, crumbling mass, almost odorless, and of almost un- 
recognizable nature. The manures are made of many substances mingled 
together, the mixture generally including considerable animal matter, 
with South Carolina or other phosphatic rock, and sometimes plaster-of- 
Paris. These substances are all ground to powder, and then put into a 
large tub or vat, called the " mixer." In this they are continually stirred 
by revolving rods and arms, while sulphuric acid is slowly added. 

The fumes given off during the chemical action in the mixer consist 
mainly of sulphuric acid and fluorine compounds, with a small amount of 
arsenic. 
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Glass-works. — In the manufacture of glass, substances containing 
silica and others containing potash or soda are melted together, when the 
silica combines with the alkali and forms a silicate of potash or soda. 
The silicious materials generally used are fine sand, or quartz or flint 
stamped or ground to a powder. The alkali is supplied by sodium sul- 
phate, or by refined or crude potash. These substances are heated to a 
temperature of about 12,000° Fahr., in large crucibles placed in the fur- 
nace. In the impure materials used in the making of common glass 
there is often sodium chloride, and in Russia this forms a regular ingre- 
dient. For the different varieties of glass are also added lime, various 
metallic oxides, and borax. 

From the reaction of these materials on each other are evolved fumes of 
sulphuric and hydrochloric acids, with perhaps sodium sulphate and chloride. 

Potteries. — In the glazing of earthenware and porcelain, common salt 
is often used, and, as a result of the reactions which take place, the chim- 
neys of these establishments pour forth a considerable quantity of hydro- 
chloric acid. 

lUeachhuj-Vforks. — In establishments for the bleaching of vegetable 
substances and fabrics, where immense quantities of sulphurous acid and 
chlorine are used, enough may escape from the premises to constitute a 
serious nuisance. 

Brick-mnki)ir/. — In the manufacture of bricks, common plastic clay is 
mixed with a certain amount of sand to prevent cracking and too much 
contraction when dried. They are then moulded and baked in kilns. 

The baking of bricks produces irritating fumes, the exact nature of 
which has not been determined. The fumes are very fatal when breathed 
in a concentrated form, and are supposed to be mainly composed of 
hydrochloric acid. The presence of this acid is accounted for by the fact 
that the brick clay is often mixed with cinders, and in London with the 
siftings of dust-heaps, called " breeze," which are conjectured to contain 
an appreciable amount of sodium chloride. 

Smelting. — The chief nuisance due to smelting is caused by the reduc- 
tion of copper-ore. This ore consists usually of copper and iron pyrites 
mingled, containing these metals in the form of sulphides, with a little 
arsenic and antimony, and often silver. The ores are reduced by heat in 
reveiberatory or shaft furnaces, and although a portion of the sulphur is 
obtained in a liquid, uncombined state, and run off into moulds, a good 
deal of it is oxidized and passes of¥ into the external atmosphere as sul- 
phurous oxide. 

The fumes from copper-works, therefore, consist mainly of sulphurous 
oxide, with perhaps a little arsenic, and possibly some copper. 

llefinhuj. — After reduction of the ores in which they are found, gold, 
silver, and copper are obtained in the form of alloys, the proportion of 
each metal being subject to great variations. The decomposition of the 
alloy, so as to obtain each metal in a ])ure state, is called refining. The 
jnethod of refining most likely to cause a nuisance is the so-called " wet 
method," by means of acids. 
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The alloy is first melted and then granulated by poiiring it in a thin 
stream, from some height, into cold water. In this way it is obtained in 
small grains, which expose a larger surface to the action of the acids. 
The granulated alloy is then boiled in sulphuric acid until the silver and 
copper are completely dissolved, the gold being precipitated in the form 
of a fine, brown powder, which is removed, washed, pressed into cakes, 
and then melted. The remaining solution contains silver and cupric sul- 
phates, and copper turnings are added in sufficient quantity to withdraw 
all the sulphuric acid from the silver, and thus precipitate it. The silver 
precipitate is then removed, washed, pressed, and melted, and the remain- 
ing solution is evaporated, when the cupric sulphate crystallizes. If there 
is no gold in the alloy, the latter portion of the process is alone necessary. 

An alloy of gold and silver, containing sixty-six per cent, or more of 
silver, is often treated with nitric acid. The alloy is boiled in this acid 
until the silver is all dissolved in the form of nitrate, and the gold is pre- 
cipitated as in the previous operation. The gold is then removed, washed, 
pressed, and melted, and the silver solution treated with sodium chloride, 
which precipitates the silver in the form of a chloride, from which state 
metallic silver can easily be obtained. 

The first of these operations gives off cojdIous fumes of sulphurous 
oxide, which, if allowed to escape into the external air, become oxidized 
and form sulphuric acid. In the latter process, fumes of nitric oxide are 
produced, which absorb oxygen from the air and form irritating reddish 
brown vapors, consisting of nitrogen peroxide, with perhaps some nitrous 
anhydride. 

Assaylnr/. — This process has for its object the determination of the 
exact amount of gold or silver in any given mass; i. e., it is properly a 
quantitative analysis of metals. It depends for its success on the greater 
affinity of the bcser metals for oxygen and chlorine over gold and silver. 
A small amount of the material containing gold or silver is melted in a 
crucible with lead and sometimes a little soda. The gold or silver is 
separated from impurities, and forms a button at the bottom of the cruci- 
ble. The amounts of bases added, and the weight of the whole mass being 
precisely known, a close estimate can be made of the proportion of the 
noble metal. 

As the amounts used in assaying are small, no nuisance of any account 
can be created by metallic or other fumes from the crucibles. But an ex- 
ceedingly hot fire has to be kept up, and enormous quantities of carbonic 
oxide, carbonic acid, and sulphurous oxide, the ordinary products of the 
combustion of coal, are thrown out of the chimney. 

Jeioelry manufacture. — Both in the manufacture and cleaning of gold 
and silver ornaments, jewelers use nitric acid, and fumes escape from their 
windows and chimneys altogether similar to those described under refin- 

These various fumes are very irritating to the respiratory mucous 
membrane. When the chimney from which they are discharged is in the 
open country, the gases are so diluted with air as to be hardly perceptible 
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to the occupants of dwellings in the vicinity. In the city, however, where 
people are crowded and brought by their daily business into close prox- 
imity with refining establishments, etc., the fumes may prove a serious 
annoyance. The tenants of offices near the United States Assay Office, 
in Wall Street, where refining is carried on extensively, used to be very 
much troubled with acid fumes, which made them cough incessantly, 
although no unpleasant odor was perceptible. I have myself felt a dis- 
agreeable tickling about the glottis, when in the neighborhood of the 
Assay Office, and an irresistible impulse to hawk and clear my throat, 
when I could perceive no odor in the air. Nitrous fumes, however, are 
especially irritating. The fumes of hydrochloric acid, on the other hand, 
are perceptible to the sense of smell in very small quantity, too small to 
be irritating. Angus Smith evaporated this acid in a closed space, and 
taking observations until the sense of smell could detect it, obtained re- 
sults which he has tabulated thus: 



Experiment. 


Hydrochloric acid 
evaporated. 


Volume of acid in 
chamber. 


Amount of acid in one vol- 
ume of inspired air. 




1 


.1036 grammes. 
1.6 grains. 


.00128 




No smell. 


3 


.1G25 grammes. 
2.509 grains. 


.00303 


.0000086 grammes. 
.0001328 grains. 


Slight smell. 


3 


.2157 grammes. 
3.33 grains. 


.00269 


.0000114 grammes. 
.000176 grains. 


Distinct smell. 


4 


.25 grammes. 
3. 86 grains. 


.0031 


.0000133 grammes, 
.000205 grains. 


Strong smell. 



And he considers that thi'ee parts in 100,000 are distinct for all persons. 
So far as figures can show, the health of a population is not injuriously 
affected by such a contamination of the atmosphere. The Belgian Com- 
mission of Inquiry on "Fabriques de Produits Chimiques," in 185G, 
reported to this effect. The deatli-rate near such factories in four dis- 
tricts was found to have actually diminished since the works were es- 
tablished, the smallest difference being that between 1.53 per cent, before, 
and 1.508 after, and the greatest, 2.37 before, and 1.90 after. And I may 
add that, altliough, according to Angus Smith, the air of Manchester con- 
tains 1 part in 80,000 of sulphuric acid, and no plant can live in it, the 
death-rate of that city is not high, ranging between 27 and 29 per 
thousand. 

But although the effects upon human health and life are so insignifi- 
cant, it is not so with vegetation, which seems to be peculiarly susceptible 
to impurities of the atmosphere. The fields and gardens in the vicinity 
of alkali and copper-works, and therefore exposed to fumes of hydro- 
chloric and sulphuric acids, become utterly unproductive. The scanty 



•44-4 



PUBLIC NUISANCES. 



crops struggle through a suffering existence, the leaves are blanched, or 
sometimes browned or blackened; the growth of fruit and grain is arrested, 
and the acid deposited on the grass and herbage produces disease in the 
cattle which eat them. The action of the acids on the health of plants is 
sometimes very rapid. Turner and Christison found that a reseda plant 
began to wither in two hours, with ygVo P^^'^ sulphurous acid in the 
air, and the effect upon it was very striking with only ^oVo P^*"*- 
acid. A remarkable result has been observed by Smith in wheat exposed 
to acid gases. The crop may be to all appearance full and ripe, when 
.scarcely a trace of grain is to be found. This dies at an early stage, and 
withers up, whilst the rest of the plant takes its apparently usual course. 
Plants of a low order are more hardy, and mosses wijl grow in the acid 
rain of towns, when trees, shrubs, and grasses disappear. 

The evil effects of such fumes sometimes extend to a great distance 
from the works. Sulphurous fumes do not travel far, but soon sink to the 
ground, while hydrochloric acid will go several miles, and chlorine will go 
four miles and be very distinct to the sense of smell, over smooth and un- 
obstructed places. According to Stecker and Haubner, the browning and 
whitening of leaves of trees in Halsbriick district could be traced 3,500 or 
4,000 feet, while the condition of fruit and cattle is affected at a distance 
of three miles from the Freiberg works. On the other hand, the Belgian 
Commission mentioned 2,000 metres as the greatest distance from chemi- 
cal works at which damage was done to vegetation. The extent of the 
effects depends considerably on the height of the chimney. When this is 
very high, some of the gaseous products may be precipitated before reach- 
ing the top, but whatever vapors escape will not reach the ground until 
they have travelled a considerable distance. In 1861, there was a re- 
markable sickening and death of trees in the Griillenberger Wald, chiefly 
firs, and it was believed to be due to the raising of a chimney to a great 
height about four miles away. The direction and force of the wind and 
the barometic pressure, together with the dryness or moisture of the air, 
will also have an influence on the locality and extent of country affected. 

The great damage done by these fumes to crops and cattle has led 
to many suits against chemical factories in Belgium, Germany, France, 
and England. In the latter country, laws are in force to prevent, as far 
as possible, the escape of fumes from the works. The so-called Alkali 
Acts of 1863 and 1874 resulted from the agitation of the subject, and 
under the provisions of those acts, Mr. Angus Smith was appointed in- 
spector to see that the requirements of the law were complied with. 
From his valuable reports to the Government many of the facts here used 
are taken. An idea of the magnitude of the nuisance to be controlled 
may be formed from Smith's estimate, that before the passage of the Act 
of 1863, the amount of hydrochloric acid, 25 per cent, strong, poured 
forth from alkali-works in England every year, was 208,000 tons (Report 
of 1864, p. 7). To remedy this condition of things, the Alkali-Works 
Regulation Act of 1863 was passed, providing that hydrochloric acid 
vapors must be condensed to the amount of 95 per cent, of those evolved. 
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This not proving' sufficient to meet the case, the Alkali Nuisances Preven- 
tion Act of 1874 was passed, providing that the amount of hydrochloric 
acid in a cubic foot of air escaping from the chimney must not exceed one- 
fifth of a grain. This act also extends the operation of tlie former one to 
other chemical works. It classes as noxious gases sulphuric acid, sulphurous 
acid, with the exception of tliat coming from burning coal, nitric acid, or 
other offensive nitrogenous compounds with oxygen, sulphuretted hydro- 
gen and chlorine. Copper-works in which salt is used, and chlorine and 
hydrochloric acid evolved, are looked upon as alkali-works. A committee 
appointed to investigate the subject, in a recent report, recommend that 
not more than one grain of sulphur in the form of acid be allowed to es- 
cape in one cubic foot of air, or more than one-half a grain of nitrogen, and 
that the present Alkali Acts be made to include chemical manure-works, 
coke-ovens, ammonia-works, tar-distilleries, gas-liquor-works, works for 
the manufacture of cobalt, arsenic, cement, dry or wet copper, glass, lead, 
nickel, salt, spelter, tin plate, potteries (salt glazing), and the manufac- 
ture of dyes from coal-tar derivatives. 

As animal matters are utilized in superphosphate-works, certain dis- 
agreeable odors are generated in addition to the acid fumes. The smell 
proceeding from scutch manure-works is stated by Ballard to be peculiarly 
sickening. He says: " Ur, Gordon, the principal medical officer of the 
Woolwich garrison, described to me the odor ])roceeding from the scutch 
manure-works on Erith inarslies as resembling, more than anything else, 
that which he had perceived in India when passing to the leeward of 
places in which the Hindoos burn their dead. To myself, the odor re- 
sembles that of very decayed and putrid cheese. The odor from super- 
phosphate-works has, to my senses, something of the same character, 
especially marked when animal matters are used in addition to bones and 
phosphates." (Op. cit., p. 250.) I must confess, however, that in my 
visits to superphosphate-works in New York, I have not found the per- 
vading odor so intensely disagreeable. There was some smell from the 
offal and blood which had just been brought to the works, but although 
the vapors from the mixer were not confined or condensed, there was little 
odor besides that of the acid. In the works at Newtown Creek, very 
offensive odors were produced by the use of " sludge " acid, i. e., sulphuric 
acid which had already been used in the refining of petroleum, and con- 
tained various impurities. 

The odor from superphosphate-works is of a very penetrating quality, 
and dift'uses itself over a great extent of countr}-. "The odor from 
the works of Morris & Griffin, at Wolverhampton, is said to be per- 
ceived offensively at Newbridge, a distance of one and a half miles; 
while that from the Erith Marshes ' scutch ' manure-works was, on the 
occasion of my inquiry on the Thames, said to be an intolerable nuisance 
at the Woolwich Barracks, a distance of four and a quarter miles. Loud 
and grievous complaints are made in the town of Plymouth, of the offen- 
sive odors from the manure-works at Cattledown, a distance of about one 
mile, when the wind blows from that direction across the bay." (Bal- 
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lard : Op. cit., p. 259.) The odors from the works at Newtown Creek 
have frequently been wafted over the intervening^ half mile of water to 
the city of New York, and have been perceived distinctly at Sixth Avenue, 
distant about a mile from the river. 



Hemedies. 

The methods adopted for the abatement of this class of nuisances de- 
pend for their success on the fact that acid fumes can be condensed and 
dissolved in water. Instead of being allowed to pass directly into the 
external air, therefore, they are confined in close tubes, and made to pass 
through "condensers" and "•scrubbers." Jn condensers the water is 
made to pass in a spray or shower from top to bottom, and the fumes 
may enter at either extremity of the condenser, and pass out at the other. 
The most common forms of the condenser are those in which the water is 
spread from a rosette, or falls through a perforated plate, and those which 
are provided with shelves on each side, alternating in their position, so 
that the water leaps down from one to the other in a sheet. A scrubber 
is a cylinder or tower filled with coke, over which a constant stream of 
water trickles and keeps it wet. In some cases perforated bricks are 
used in the place of coke. The condensing effect of either apparatus is 
much greater if the gases are made to enter at the bottom and pass up- 
ward against the current of water. Very often more than one condenser 
or scrubber is required, and in some large establishments three or four 
are used, the vapors entering them in succession, until the last vestige of 
acid has disappeared. (Fig. 8.) As the gases are often exceedingly 




Fig. 8. — Condensing apparatus of Plymouth Chemical (superphosphates) Works. (After 
Ballard.) 

hot, it is desirable to cool them to some extent before they enter the 
scrubber, for when the coke becomes heated, the condensation is very im- 
perfect. Accordingly, they are generally made to go for some distance 
through a horizontal fiue before entering the condenser or scrubber. If 
the scrubbers afford so much resistance to the passage of the gases as to 
interfere with the draught, a blower may be used to propel or to draw the 
current through them. The condensed products have often a commercial 
value. 
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It is very doubtful if any apparatus, however perfect theoretically, 
will condense the entire gaseous product of a large factory. The chim- 
neys should, therefore, always be very high, so that the little gas that 
does escape may be as much diluted as possible by the air before it 
reaches living things. Attempts have been made to condense the fumes 
of such works by simply passing them through flues so long and chimneys 
so high that the mere abstraction of heat might precipitate them without 
the use of other apparatus. But such attempts have usually been failures. 
In superphosphate-works, for example, the vapors evolved contain fluorine 
in the form of tetrafluoride of silicon, and the watery vapor given off is 
sufficient to decompose the whole of this salt into silica and hydrofluosi-. 
licic acid. There is also some arsenic in these fumes. Now, at Morris & 
Griffin's works, which manufacture 300 tons of superphosphates a week, 
the gases are passed through a flue with a cross-section six feet by four, 
and 250 feet long, to a chimney 235 feet high. The deposit of silica is 
so enormous that it has to be removed about once in six weeks, and is 
sometimes found to be two feet deep. And still the works create a nui- 
sance, and at a greater distance than before. (Ballard : Op. cit., p. 269.) 
It has been found in other works that an efficient scrubber will retain all 
the fluorine compounds and the sulphuric acid, but more or less arsenic 
will inevitably escape. 

With regard to special works, a iow words may be said. In the manu- 
facture of ammonia and ammonium sulphate from gas liquor, the refuse 
liquid, containing considerable sul])huretted hydrogen, is run off into the 
sewer, or directly into a running- stream. Care should be taken to have 
all the drains tight, and it is better that such works be at a distance from 
inhabited dwellings. The acid drainage of other factories should not be 
discharged into the same sewer with the ammoniacal liquor, as the decom- 
position of the remaining ammonium sulphide evolves immense quantities 
of sulphuretted hydrogen. The pollution of streams from this and other 
similar sources will be treated of elsewhere. 

In alkali-works, condensers and scrubbers are used, with high chim- 
neys. In superphosphate-works, two sets of apparatus are needed for 
the two distinct branches of business, viz., the preparation of the materials 
for manure, and the making of the manure itself. All offensive substances, 
as offal and blood, should be brought to the works in tightly closed re- 
ceptacles, and cooked in steam-tight tanks. The vapors from the tanks 
and driers should be passed through a condenser, to rid them of all watery 
constituents, and then forced into the furnace fire and consumed. The 
mixing should be done in close vats, and the gases given off conducted to 
scrubbers, and thence to a high chimney. 

Glass-works and potteries should have higli chimneys, and be removed 
from the vicinity of dwellings. 

In bleacliing-works, the boxes in which the cloths and other materials 
are exposed to the gases should be made as tight as possible, and the 
fumes afterward condensed. The hydrochloric acid fumes from brick- 
works may be done away with by giving up the use of " breeze," but the 



448 



PUBLIC NUISANCES. 



kilns evolve in addition enormous volumes of carbonic anhydride, carbonic 
oxide, and sulphurous fumes, Avhich are injurious to vegetation, and not 
easily disposed of. Such kilns should, therefore, only be allowed in local- 
ities where no damage can be done by them. In France, a brick-kiln is 
not permitted within 50 metres of a public road; it must be covered with 
matting or other material to control somewhat the escape of fumes; must 
not be located near a garden or nursery, and can only be fired at night. 

In copper-smelting works, the sulphurous acid fumes, by proper appa- 
ratus, may be retained and converted into sulphuric acid. Such apparatus 
is expensive, however, and the results do not pay for the cost and trouble. 
If condensing apparatus is not used, such works must be so located as to 
do tlie least possible damage. 

In the other works mentioned, the gases may all be saved, and often 
with jn-ofit. 

3. Those processes mhlch are ojfensire on account of the dust caused 
hy them. 

In the businesses mentioned under this heading the application of heat 
produces an evolution of gas and considerable smoke, but the principal 
nuisance to neighbors is caused by the clouds of dust, which fill the air 
for several hundred feet on every side of the works, and often cause much 
damage to furniture or merchantable goods. 

Plaster -hum ill (J. — Gypsum, plaster-of-paris, or sulphate of lime, in 
order to be of use in the arts and trades, must be nearly or quite anhy- 
drous. For plaster-casts, ceilings, and walls, for which it is principally 
used, it is of -value because, when mixed with water and applied in the 
form of paste, the water gradually combines with the base and forms a 
dry, hard hydrate. To prepare it for these uses, it is burned or calcined, 
and the water it contains driven off, so that it becomes a dazzling white 
powder, so fine as to be almost a fluid. The lumps of gypsum are gener- 
ally broken and ground in a mill before calcination, and both processes 
give rise to a great deal of dust, which chemically is harmless enough, but 
mechanically is a great annoyance. 

Attempts have been made to catch the flying dust in wooden cham- 
bers built about the mills, but without much success. The powder is so 
light and fine, that it is almost as difficult to confine as a gas. It is possi- 
ble that something might be accomplished by having the air drawn con- 
tinually from the room by a blower and forced into a long horizontal flue 
to a tall chimney. The heavier dust would settle in the flue, whence it 
could be removed as often as necessary, and a considerable portion of 
the lighter dust might be precipitated in the chimney by a spray of 
water. An ordinary spray condenser would be choked up too soon to be 
of any use. Such arrangements as those proposed would probably be 
more expensive than the business warrants, and the only alternative seems 
to be to locate such mills and kilns in the country, and in places where no 
nuisance would be created. 

Lime-burning. — The only lime-kilns likely to be established in a city 
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or town are those for burning- shells, already spoken of. Where lime 
stone is burned, enormous amounts of carbonic acid are given off, with a 
considerable quantity of dust, both together creating a nuisance sufficient 
to warrant the interference of local authorities. The only remedy is re- 
moval to a distance from dwellings. 

Coffee-roast Ln<j . — Where coffee is roasted on a large scale, the beans 
are put into iron cylinders which revolve slowly over a hot fire, their con- 
tents being constantly stirred by rods in the interior. When the beans 
are sufficiently brown, they are removed, but as the chemical changes 
which bring out the aroma would proceed too far if the hot beans were 
allowed to cool slowly in bulk, they are put in a trough with a perforated 
bottom, through which a constant current of cold air is forced by a blower. 
This blast of air not only cools the coffee, but it blows out all the chaff 
and dust, which fill the air of the room, and passing out, constitute a great 
nuisance to neighbors. I have known these husks to be carried 300 or 
300 feet in sufficient quantity to rouse vigorous complaints. The aroma 
of the burnt coffee and the smoke are rarely a subject of protest. 

The ap])aratus for cooling the beans should be so arranged that all or 
most of the dust and chaff will be carried up through a large ventilating' 
shaft to the top of the building. This can be doru^ without inducing a 
current of air artificially, as the heat of such establishments is ample to 
keep up a constant draught. The to}) of this shaft may be covered with 
a large hood of wire netting, with meshes of about \ inch, reaching con- 
siderably below its top, or even fastened to the roof around it. It is 
better if this netting forms a sort of chamber, with considerable room for 
the free play of air currents, otherwise the chaff will be driven against 
the meshes and held there, and after a time interfere with the draught. 
Such an apparatus does not entirely abate the nuisance, but it greatly 
diminishes it, and the chaff may be shoveled up frequently and used as 
fuel. 

Recapitulation . 

Offensive processes, therefore, give rise to a public nuisance principally 
in these ways: 

1. By the use and storage of offensive substances. 

2. By the production of offensive, irritating or destructive vapors and 
gases. 

3. By the discharge of great quantities of dust. 

And the principal means at our command for abating these nuisances 
are: 

1. Conveying and storing in tight vessels. 

2. Forcing the gases through purifiers, condensers, and scrubbers, 
so as to fix the condensable ones, and then passing the combustible ones 
into the furnace fire. 

3. The use of high chimneys and long horizontal flues, with some- 
times a spray of water. 

4. Removal from the vicinity of dwellings. 

Vol. II.— 29 
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III. — Other Nuisances. 

Under this heading are included several subjects of differing import- 
ance, which it is impossible to classify by any other common characteristic 
than the general one of obnoxiousness. 

1. Those nuisances which are nuisajices on account of their offensive 
smell. 

a. Dead Bodies. 

The amount of moistui'e in the bodies of animals and the instability of 
the organic substances of which they are largely composed, render putre- 
factive changes very rapid. Immense volumes of ill-smclling gases are 
given off, containing, according to Hirt, carburetted hydrogen, ammonia, 
nitrogen, sulphuretted hydrogen, with trimethylamin, tauryl, butyric 
and propionic acids, etc. Besides these gaseous substances, a certain 
amount of volatile organic matter is diffused in the surrounding atmos- 
phere, which is deposited in greasy layers on neighboring things, and 
which can be tasted as well as smelt. These various products of decom- 
position are not only very offensive, but exercise a perceptible injurious 
influence on the health. Troubles of the digestive organs and intestinal 
fluxes attributable solely to the inhalation of such matters are familiar 
experiences of every medical man, while the actual introduction of putre- 
fying animal matter into the circulation has been a frequent cause of 
disease and death to persons who handle dead bodies. 

The disposal of the dead must, therefore, have been a very early prob- 
lem in the history of the human race. And singularly enough, while the 
utilization of the remains of animals in such a manner as to render them 
innocuous has been for some time an accomplished fact, the proper dis- 
posal of human dead is still an open question. 

Human bodies. — The ways of getting rid of the nuisance caused by 
dead bodies may all be classified under three heads: 

1. Removal of the body to a place where it no longer constitutes a 
nuisance. 

2. Its permanent preservation. 

3. Its prompt and complete destruction. 

1. Removal of the body. 

The first of these methods is undoubtedly the oldest, and probably its 
first form was that of simple exposure. The dead body was removed to a 
distant locality and left exposed to the beating of the wind and rain, and 
to the assaults of wild beasts. In some respects this may be considered 
the natural method of disposing of the dead. The plant rots where it 
dies, and furnishes material for the sustenance of others. Why not the 
animal also? As soon as sentimental or religious considerations be^an to 
influence the actions of men, they took measures to protect the corpse 
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from wild animals, and we find many ancient tribes, and some OT our own 
time, exposing- the bodies of their dead on raised platforms, where they 
were still, however, the prey of birds. Some of our AYestern Indians put 
their dead, even now, on platforms raised on tall poles, and the Colchians 
and Phrygians are said to have hung their dead to the limbs of trees. 
These practices, after a time, gave way to the custom of placing the dead 
in caves, and sealing up the mouth. In this way the bodies Avere pro- 
tected from the action of any destructive forces excepting chemical ones. 
Many of these cave sepulchres have been recently discovered. From this 
it was but a step to the construction of artificial tombs, either in the form 
of stone chambers, or of simple holes dug in the earth, into which the 
body was placed and covered up. This, one of the most ancient ways of 
disposing of the dead, has maintained its ground to the present day. It 
is evident that the method of exposure is not permissible for civilized 
nations. Aside from the shock to sentiment, it is only suitable for thinly- 
settled countries, or for nomadic tribes. Near permanent populations, it 
would soon cause a pestilence. 

Among maritime nations, sea burial has been practised. It is even 
now the custom to commit the bodies of those who die on shipboard to 
the water, and this will always be necessary for the protection of the sur- 
vivors. There are many objections to adopting it universally. Notwith- 
standing heavy weights, the bodies might sometimes be set free by the 
vigorous assaults of the larger fish and be cast upon the shore in frag- 
ments. When single bodies are thus disposed of, and that generally at a 
great distance from the shore, there is no danger of this. But the dead 
of large cities could not be carried far out to sea on account of the ex- 
pense, and when burials took place in a single locality at the rate of one 
hundred a day, there would certainly be some risk of a nuisance like the 
one suggested. Moreover, the inhabitants of towns along the shore are 
great eaters of fish and crustaceans, and it would surely not be agreeable 
to any one to think that they were all fattened on human flesh. For in- 
land nations this method is evidently impracticable on account of expense. 

Burial in the earth is then the only method under the first heading 
capable of extensive application. x-Vs a matter of convenience in 
liandling, and to some extent of sentimental reverence for the dead, as 
well as in deference to long-established custom, the body is placed in a 
box^ often made of precious wood and highly ornamented, both outside 
and inside. This box, with its contents, is then either put in a hollow 
walled chamber underground, called a vault, or more commonly is simply 
sunk in the earth in immediate contact with the soil on all sides. Burial 
in tombs or vaults can never become general on account of the expense, 
and also because the space taken up by the dead would soon crowd out 
.the living from any populous region. 

Burial should not take place with undue haste. Although there are 
many apocryphal cases of burying alive reported, there are some undoubt- 
odlv genuine. The distortion of features and change of posture in bodies, 
caused by the distending force of the gases of putrefaction, will not ac- 
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count for instances of bodies found inside the doors of vaults, with coffins 
broken open, a,nd every indication of desperate struggles for escape. On 
the other hand, it is to be borne in mind that in Frankfort and Munich it 
has been the custom for many years to expose the dead as long as pos- 
sible on biers surrounded with flowers, in a public place, with bell-wires or 
strings attached to their fingers, so that the slightest movement would 
summon an attendant. And yet there has never been an alarm sounded, 
nor a case of resuscitation. It would be safer, however, to defer burial 
until indications of decomposition have set in, the first being a greenish 
tinge of the surface of the abdomen over the caecum. 

It is important to bury the body so deep that the gases evolved from 
it will not poison the surrounding atmosphere. If it is placed in a vault, 
the opening should be hermetically sealed. This is generally effected by 
covering it with a flag-stone laid in cement. If it is buried in the earth, 
it is best to have at least six feet of soil above it. The depth required by 
law in different countries varies considerably. In England there must be 
at least four feet of soil above the body of an adult, and three above a 
child's. In France, according to Tardieu, graves must be 1 metre and 50 
centimetres deep, and from 3 to 4 decimetres apart. Austria requires a 
depth of G feet, and that they be 4 feet wide and 4 feet apart. In Russia, 
graves are from 6 to 10 feet deep. 

The character of the soil is also of importance. It should be such as 
to allow of the passage of gases and fluids in every direction. It should 
also contain a considerable amount of organic matter, vegetable mould, 
which seems to accelerate decomposition, and to act in some degree as an 
antiseptic. In Orfila's experiments, he found the decomposition was most 
rapid in a soil which he describes as a mould, with a strong proportion of 
vegetable detritus, and considerable silica and lime carbonate, and the 
process was most tardy in a soil consisting of quarry sand, silica, and fer- 
ruginous earth, with traces of mica and calcium carbonate. Soils contain- 
ing litiie salts are favorable ones, while clayey ground both retards decom- 
position and endangers the health of the neighbors by water-pollution. 
This subject will be treated of elsewhere. 

The body of a person who has died of contagious disease is doubly in- 
fectious. It is a matter of frequent occurrence for such diseases to be 
contracted at funerals. It is desirable, therefore, to limit the attendance 
at such ceremonies as far as possible. Small-pox being virulently conta- 
gious, a public funeral of one who has died of it should under no circum- 
stances be allowed. The practice in New York, insisted upon in every 
case by the Board of Health, is to wrap the body in cloths saturated with 
carbolic acid, and put it in a metallic coffin, which is hermetically sealed. 
And even then no funeral is permitted. It would certainly be well if the 
bodies of all those who have died of scarlatina, measles, and diphtheria 
were also buried in air-tight coffins. 

It has been proposed to surround the coffin in the grave with a disin- 
fectant, like charcoal, for instance. The suggestion has also been made 
that bodies should be encased in cement or artificial stone, and so be 
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rendered innocuous, even if kept above ground. The objection to this is, 
and it is a very strong one, that if these stone masses were buried, the 
cemetery could never be used again when it became full, and if they were 
kept above ground, they would soon form an immense accumulation of 
useless material, for which it would be difficult to find room. Supposing 
each body to occupy, with its plaster covering, a space of 6 feet long by 
2^ wide, and 2 deep, making a cubic yard, New York alone then would 
furnish every year nearly 30,000 cubic yards of stone for storage, or- a 
mass 810 x 100 x 10 feet. Moreover, badly-made cement might crumble, 
with disastrous consequences. And when it is considered that the gas 
from soil-pipes will pass through a cement joint, it might be expected 
that the gases of decomposition would be perceptible outside of these 
receptacles. 

Believing that decomposition would be hastened, and the well-known 
antiseptic qualities of fresh earth would have better play, Mr. Seymour 
Haden has proposed the burial of bodies in wicker baskets, fitting the 
form approximately, and with large meshes, so that the soil w'ould come 
in immediate contact with the body. The proposition seems to me a very 
sensible one, but I cannot learn that it has met with much favor. There 
seems to be no good objection to the plan, unless it be a sentimental one, 
and it is supposed that the dead lie warmer and more comfortable in cof- 
fins. Such feelings are to be respected, and will at any rate always 
carry their point. 

It will be convenient to defer the consideration of the advantages and 
disadvantages of burial until we speak of cremation. 

2. Permanent Preservation of the Body. 

The practice of preserving the body so that it can be kept above 
ground is a very ancient one. The only nation that has made use of it 
when highly civilized is the Egyptian. Herodotus, in Euterpe, gives 
some curious details of the method they followed, which consisted in re- 
moving the viscera, and filling the cavity with nitrous substances and 
spices, and wrapping the body in cloths saturated with them. It is doubt- 
ful if the method they followed would have been successful in any but a 
very dry climate. At a temperature of 122° Fahrenheit, putrefaction 
ceases and desiccation takes place. In a hot sun, therefore, a body may 
be dried into a mummy, and in fact the Peruvians anciently preserved 
their dead in this way. Tt is said that some of the aborigines in Japan, 
and some of the tribes of India, follow similar methods. 

In modern times and in civilized nations, embalming is only resorted 
to in special cases. It is often desirable to preserve the deceased for 
days or weeks, or even months, for purposes of identification, or for con- 
venience of removal, or even to satisfy the affection of distant friends. 
Modern methods are many, but are mostly limited to the injection of 
chemical substances into the blood-vessels. 

As a means of abating the nuisance caused by a dead body, embalm- 
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ing is useless. A mummy or an embalmed corpse always exhales an 
earthy, unpleasant odor, and if the practice should ever become general, 
the accumulation of bodies above ground would soon become frightfully 
large. As an incentive to remembrance of the dead, a mummy would cer- 
tainly be a melancholy reminder of the friend whose body it represented. 
And still it has actually been proposed within a few years to revive the 
custom of embalming as a general practice ! 

3. Prohipt Destruction of the Body. 

The rapid destruction of dead bodies has often been brought about 
by burying them surrounded by substances that induce profound chemi- 
cal changes in the tissues. Thus nitric or sulphuric acid may be used, 
or the coffin may be filled with caustic potash. Certain Jews in Northern 
Africa are said to bury their dead in quicklime, and people of the same 
race have recently used this method at Mile End Cemetery, in London 
(Eassie). Where large numbers of bodies have to be buried in a limited 
space, the latter plan is a good one, and has been successfully tried. At 
Metz, in 1870, a huge pit was dug seventeen feet deep ; a row of bodies 
was placed at the bottom, side by side ; then a row on top of them, with 
the heads lying at the feet of the first row ; the third row was laid across, 
and the fourth also, with the heads by the feet of those in the third row ; 
the fifth row lay in the same direction as the first, and so on. Between 
the layers about an inch of powdered lime was thrown. In this manner 
from ninety to one hundred bodies were buried within a length of six and 
a half feet, reaching to within six feet of the surface. The pit was then 
filled with earth, and, although it contained 8,400 bodies, there were no 
perceptible emanations from it (Parkes). The same plan tried during the 
Prussian occupation of Chalons, however, gave less satisfactory results, 
and the drinking-water in the vicinity was contaminated. 

The only widely used met^iod of destroying bodies is to burn them. 
The list of nations in which cremation has been the customary way of 
disposing of the dead is a very long one, including the Greeks and 
Romans, many of the ancient tribes of Europe and Asia, and at the 
present day the East Indians, and some Indian tribes in North and South 
America. In all these cases the body is burned on a pyre in the open 
air, and the process is a very objectionable one, requiring, as it does, a 
long time for its accomplishment, an enormous mass of fuel, and creating 
an intolerable stench, which has to be smothered with the ax'oma of spices, 
where the relatives can afford it. Moreover, the burning is often imper- 
fectly done, the heat attainable in this way being insufficient to calcine 
the remains. 

Of late the question of cremation has been revived. Epidemics and 
sporadic cases of disease due to the infection from cemeteries, together 
with the crowded condition of the latter, and the increasing difficulty of 
finding room for the dead of the gigantic modern cities, have made this 
problem of the proper disposition of the dead a matter of immense sanitary 
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importance. With modern scientific appliances, a human body can be 
reduced in a very short time to a handful of clean white ashes, at an in- 
credibly small expense. The Siemens apparatus used in Germany affords 
a good illustration of this. It is constructed on the principle of the 
liunsen burner, and the body is subjected to the exceedingly hot flame 
produced by the mixture of gaseous hydrocarbons and air. By means of 
this apparatus Sir Henry Thompson saw a body weighing 227 pounds, and 
not emaciated, reduced to 5 pounds of ashes in 55 minutes; and at Dresden, 
ahorse weighing 460 pounds was reduced in 4 hours to 23 pounds of ashes, 
at a cost for fuel of only 4 shillings (Eassie). The process of destruction 
is attended with no escape of offensive gases, and can in no way give rise 
to any nuisance. The details of the commission of the body to the flames 
can easily be arranged so as not to offend the most fastidious affection. 
The furnace may be entirely out of the sight of the mourners, and the 
room in which the final religious rites are performed may only be con- 
nected with it by a small opening for the reception of the remains. This 
ma.y either be a door in the wall, into which the body is slid with its 
wrappings, or a hole in the floor, through which the remains are lowered 
as if into a grave. The ashes can then be preserved without the slightest 
danger that the public health will suffer thereby. 

It is plain without argument that a complete destruction of the body 
by these modern methods is, in a sanitary point of view, far preferable to 
burial. But the latter method has the sanction of ancient usage, and is 
so intimately connected with the sentimental and religious feelings of the 
public, that cremation will make its way into general favor very slowly. 
To be sure, the difficulty of gathering up ashes at the general resurrection 
has been put forth gravely as an argument against the cremation of 
Christians (!), but the mind that can believe the Divine power in danger 
of being thwarted by such cheap human devices can only be looked upon 
as a psychological curiosity, and the real objection of most people to the 
practice is an emotional phenomenon, and therefore the harder to reach by 
argument. It is altogether probable that if bodies were usually burned, 
and burial were proposed as a substitute, there would be an outcry of 
horror at the barbarous suggestion. 

The real advantages of burial as compared with cremation are two in 
number. If a body is buried, it can be exhumed for the purpose: 1, of 
recognition in cases of doubtful identity ; and 2, of examination when 
poisoning is suspected. The impossibility of doing this when the body 
has been reduced to its elements is the gravest objection to cremation. 
And still, if cremation were ever to become a general custom, as it is to 
be hoped it will, man's ingenuity will doubtless find some way of meeting 
and conquering the difficulty. In the first class of cases, those of doubtful 
identity, the objection might perhaps be got over by separating dead 
bodies into two classes, burning those whose identity is beyond cavil, and 
burying those that are unknown. As to the second class of cases, hardly 
any poisons can be recognized in a body much decomposed, excepting the 
metallic ones, and some arrangement might be made by which the pres- 
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ence of arsenic or antimony, for example, could be automatically detected 
in the gases escaping from the chimney, as they would certainly be vola- 
tilized. These difficulties might also be got over by having professional 
corpse-viewers, as is the custom in France, who should examine into the 
cause of death and the identity of the corpse in every case. 

Lower animals. — It is a little curious that the different ways of dis- 
posing of the human dead have also been applied to animals. Their 
bodies have been exposed, embalmed, buried, and burned, and finally, 
after having always been treated as a nuisance to be got rid of, they 
are now utilized in the manufacture of "artificial manures, as before ex- 
plained. Although the successive methods of disposing of human remains 
have continually reduced the nuisance, it being in cremation brought to 
its minimum, it is not probable that the only remaining step will ever be 
taken, viz. : that of utilizing the dead as fertilizers, or in the manufacture 
of illuminating gas, as has been suggested in France. 

b. Gases of Decomposition. 

It is one of the great problems of our time to decide upon the best 
method of protecting the community from the dangers and discomforts 
caused by the gases given off from decomposing human excreta and house- 
hold slops. Elaborate systems of drainage and ventilation have been 
devised, but the continual stream of new inventions and novel appliances 
of old is a sufficient proof that the end has not yet been attained. These 
gases contain ammonium sulphide, svilphuretted and carburetted hydrogen, 
ammonia, nitrogen, carbonic acid, and undetermined organic matters. 
Many of these constituents are poisonous in a concentrated form, and there 
is sufficient evidence to show that, even when considerably diluted, they 
seriously undermine the physical vigor of those who are constantly ex- 
posed to them. Moreover, it is yet uncertain how far such matters may 
serve as a nidus for the development of microscopic organisms, the mere 
suspicion of which strikes such terror into the modern mind. The sources 
from which such gases may spread into adjoining premises may therefore 
be fairly classed as public nuisances. 

Privy -vaults. — In the country, where privy-vaults are at a distance 
from the house, they rarely, if ever, constitute a nuisance either public or 
private. But in the city the nuisance caused b}^ them is often disagree- 
able and dangerous. In the most populous districts of New York, for 
instance, the tenement-houses, containing from eight to thirty families, 
are built on the front and rear of the lots, with a yard between them. In 
this yard is located the privy-vault, and into the vault is discharged 
through leaders the rain-water from the roofs, while a sewer-connection 
eight or ten inches from the bottom of the vault is expected to carry off 
the fluid contents. This sewer-opening becomes frequently obstructed, 
and, as the vault receives a large amount of water, its contents decompose 
rapidly. Dui'ing a rain the rush of water from the leaders stirs up the 
water in the vault and liberates an immense amount of gas held in solu- 
tion. Under such circumstances a vault is a terrible nuisance. 
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This condition of things can be remedied to some extent by a careful 
and thorough use of disinfectants. (See "Disinfectants.") In New York, 
the Board of Health sees that this is done during the summer months, 
when the nuisance is most dangerous. A considerable part of the foul 
gases may also be carried off by means of a shaft from the vault to a point 
a foot or two above the roof of the adjoining buildings. Every privy- 
vault in New York is required by the Sanitary Code to have such a shaft, 
which is generally made of galvanized iron and is at least eight inches in 
diameter. If the shaft alone is not efficient, a revolving ventilator may 
be placed on top of it, so as to maintain a constant upward current of air. 

Ventilating -shafts and -jjipes. — The gases which are discharged from 
the top of the ventilating-shafts of privy-vaults and the extended soil- 
and waste-pipes of dwelling-houses are sometimes a nuisance to the occu- 
pants of adjacent higher buildings. Although, as a rule, there are no 
windows in the sides of buildings looking out upon the neighboring 
premises, still there are such sometimes, and gases from such a source 
may even be blown into the front or rear windows. The ventilating- 
pipes may also pass through the roof near a skylight, and occasionally 
the gases be thus drawn down into the house. It must be confessed, 
however, that any nuisance from these pipes is very uncommon, as the 
gases are very quickly diluted with air so as to be unappreciable. I have 
found the odor from a three-inch ventilating-pipo impossible of detection 
at a distance of ten feet, when within two feet it was insupportable. 

If such a pipe, however, does become a nuisance, the gases must be 
disinfected before they emerge from it. The only practicable method of 
accomplishing this is to make them pass over or through charcoal. The 
charcoal may be spread upon shelves arranged alternately like those in a 
gas-purifier (Fig. 9), or it may be put upon a spiral tray, as recommended 
hy Latham (Fig. 10). The trays should have wire bottoms, so that the 




FlO. 9. — Disinfecting apparatus for Fig. 10. — Latham's disinfecting-tray 

ventilating-pipes. (spiral) for ventilating-pipcs. 



current of air and gas will impinge upon the under as well as the upper 
side of the disinfecting material, and the charcoal should be broken into 
lumps about as large as filberts. The disinfectant had better be put at 
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the top of the pipe rather than lower down, as moisture injures the effi- 
cacy of the charcoal. A sheet of charcoal with numerous perforations 
might also be put in the pipe transversely, filling its calibre. As all these 
methods involve some friction at a point where it is particularly desirable 
to have free passage for the gas, it may be necessary to assist the current 
by means of a revolving ventilating-cap. 

ISeioer-openings. — The openings of the receiving-basins at street-corners 
are not usually the cause of any nuisance, as the basins are fully trapped ; 
but the man-holes in the streets are not trapped, as it is necessary to 
have some points of relief when there is an extra pressure of gas in the 
sewer, as during a heavy rain. Although, as a rule, these man-holes being 
in the centre of the street, there is no perceptible odor from them except- 
ing in their immediate vicinity, they do sometimes cause an appreciable 
nuisance. If it is thought proper to disinfect such openings, it may be 
done by an arrangement of charcoal trays similar to those described above. 
The matter of the ventilation of sewers will be discussed elsewhere. 

Street-gutters. — The gutters receiving the entire surface drainage, as 
well as slops from houses which are not connected with the street-sewer, 
require special attention, particularly in hot weather. They ought to be 
washed daily, and frequently disinfected. 

2. Those mdsances ichich are mcisances on account of the danger of 
infection connected toith them. 

Cemeteries. — The putrefaction of a great number of bodies in one 
place, even though many feet under ground, has been proved by experi- 
ence to often cause a serious nuisance. When the yellow fever visited 
New York in 1822, the mortality was great, and the attacks of the disease 
frequent and persistent in the vicinity of Trinity church-yard. It is stated 
that the place was crowded with bodies, in some cases only covered with 
eighteen inches of earth. There was a perceptible smell from this yard, 
and it was covered with quick-lime, some of the laborers engaged in 
spreading it being forced to vomit by the stench. It has been said, in a 
report of the French Academy of Medicine, that diphtheritic diseases 
have raged in the vicinity of Pere-la-Chaise, Montmartre, and Montpar- 
nasse, attributed to the j^utrid emanations from these cemeteries. Pro- 
fessor Selmi, of Mantua, has discovered in the stratum of air which has 
remained for a certain period over a cemetery during a time of calm, 
organisms which considerably vitiate the atmosphere and are dangerous 
to life. When the matter in question was injected under the skin of a 
pigeon, a typhus-like ailment was produced, and death ensued on the 
third day (Dr. De Pietra Santa, quoted by Eassie on " Cremation "). It has 
already been mentioned above that the best soil for graveyards, and that 
which insures the most rapid destruction of the bodies, is a light, porous 
one, which allows of the passage of gas and liquids. This soil is also 
naturally the most dangerous, for it allows the putrid emanations to 
escape and surface water to percolate through it. It is stated by Eassie 
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that in a churchyard in Stuttgart, in which only 500 bodies were interred 
yearly, and not more than one in each grave, the northwest wind rendered 
the emanations from the dead perceptible in houses 250 paces distant. 
Many persons in France and England have said that they saw, on damp, 
mild days, especially in the early morning, a thick visible vapor over graves, 
very nauseous to the smell, so that their windows had to be closed. There 
does not seem to be much evidence, however, that the pollution of the 
atmosphere by cemeteries has ever caused much sickness, and the instances 
where such pollution has occurred have been mainly where the bodies 
were insufficiently covered with earth. 

The exhumation of bodies, however, often gives rise to serious trouble. 
Even newly dug graves sometimes rapidly fill with carbonic acid, which 
flows in from the surrounding soil (Eassie). The danger of exhumation 
is greatest when old cemeteries are dug over for other uses, or a large 
number of bodies are taken up for transportation. Eassie gives many 
examples of this. The reappearance of the plague at Modena, in 1838, is 
said to have been due to an excavation made in some ground where the 
victims of the plague had been interred 300 years before. The excava- 
tions made for sewers in the site where the victims of the plague of 1G65 
were buried increased the virulence of the cholera in London in 1854. 
The authorities had been warned of this probable result by Mr. Simon. 
Dr. Playfair believes that the fever prevalent in Rome is due to the ex- 
halations from the soil, which is saturated with organic matter. " In 
1843, when the parish church of Minchinhampton was rebuilding, the 
soil of the burial-ground, or what was superfluous, was disposed of for 
manure, and deposited in many of the neighboring gardens. The result 
was that the town was nearly decimated." (Eassie: Op. cit., p. 7.) Tar- 
dieu states that in 1830, at the Marche des Innocents, on the site of 
an old cemetery, temporary burials were made, and a ditch was dug- 12 
feet by 7, and 10 feet deep. When the pavement was removed and 
about six inches of sand beneath it, they came upon a black, greasy soil, 
filled with bones and pieces of coffins, and exhaling such fetid odors that 
one of the workmen was suddenly suffocated. At Riom, in Auvergne, 
the earth of an ancient cemetery was dug up to embellish the city. A 
little while after an epidemic occurred, which carried off a great number 
of persons, and was most fatal near the cemetery. The same thing caused 
an epidemic, six years before, in a small town of the same province, called 
Embert. 

On the other hand, it has been remarked by Parent-Duchatelet that 
there are about 200 exhumations annually at Pere-la-Chaise, at all times 
of the year, and from two to four months after death; yet no accident 
occurs to tlie diggers. And Tardieu states that the exhumations from 
the cemetery and church of the Holy Innocents, at Paris, in 1785-G, lasted 
six months, and from 15,000 to 20,000 dead bodies of all epochs were 
taken out with their coffins. All degrees of destruction were seen, from 
the body dissolved and putrefied to dry, fibrous mummies. Yet no acci- 
dent occurred among the workmen nor in the neighborhood. In 1874 the 
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Massachusetts Board of Healtl) sent out queries to nearly 500 physicians 
iu different parts of tlie country, requesting their opinions regarding the 
influence of cemeteries on the public health, and on the pollution of air 
and water by them. The results of the investigation are given by Dr. 
Adams in the Report of the State Board of Health for 1875, and the con- 
clusion reached was that, in this country at least, no evil results could be 
traced to the practice of burial in graveyards. 

These facts ai-e enough to show that the evidence with regard to the 
noxiousness of cemeteries does not all jjoint one way. Their apparent 
conflict may perhaps be to some extent explained by supposing that, in 
cases where a pestilence has resulted from the opening of an old cemetery, 
the bodies had been too mucli crowded, and buried with too little soil 
above them. These conditions have certainly existed in very many of the 
frequently quoted instances. Where the victims of epidemics have been 
buried, it must be considered dangerous to dig them up without thorough 
disinfection and the greatest precaution. It is impossible for any one to 
say how long the materies morbi may continue to live under ground. Cer- 
tainly, if organic matter can be boiled and frozen without losing vitality, 
and seeds 3,000 years old will sprout when planted, it would be hardihood 
to assert that the poison of cholera or small-pox, whatever it is, may not 
lie for many years dormant, but not dead, in the moisture and equable 
temperature of the grave. 

The lapse of time which ought to be allowed before a grave is used for 
another body varies, of course, with the nature of the soil and the method 
of burial. The estimates which have been made of the time required for 
the complete destruction of a body vary between 40 and 3 years. Gmelin 
puts it at 30 to 40 years; Wildberg at 30; Frank at 24 to 25; Walker at 
7; Tyler at 14; Tagg, proprietor of a London cemetery, 12; Maret, 3. 
Orfila found bodies reduced to skeletons at the end of 14 or 18 months, 
even in coffins (Tardieu). Correspondingly variable are the times fixed 
by law during which bodies must not be disturbed. Tardieu gives the 
following limits: Hesse-Darmstadt, 30 years; Prussia, 30; Sigmaringen, 
20 to 25; Frankfort-on-the-Main, 20; Wurtemberg, 18; Leipsic, 15; 
Milan, 10; Stuttgart, 10; Munich, 9; and France, 5. 

The pollution of water by cemeteries will be considered elsewhere. 

In order to provide against any possible danger from buried bodies, 
cemeteries should always be located at a distance from dwellings. In al- 
most all civilized countries it is now the practice to bury the dead outside 
the city limits. The proper soil and the method of burial have been 
already spoken of under " Dead Bodies." The true way of abolishing for- 
ever the nuisance of cemeteries is to burn the dead, and either to strew 
their ashes over the fields, as suggested by Sir Henry Thompson, or pre- 
serve them in columbaria. 

When bodies are to be exhumed, proper precautions should be taken 
against possible dangers. The fatal cases of persons exposed to graveyard 
effluvia seem to have been due to the inhalation of carbonic acid or sul- 
phuretted hydrogen. The earth which is infiltrated with organic matter, 
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and the remains themselves, should therefore sprinkled with chloride of 
lime, and as far as possible such work should only be done in cold weather. 
Tardieu recommends the use of long-handled tools, so that the men can 
work without stooping- so much in the excavation. 

Prostitutes. — The main reason for classing prostitutes as public nui- 
sances is that they are the chief agents in the propagation of venereal 
disease. This part of the subject will be treated of in another chapter, 
and it only remains for me to say a few words on the minor degrees of 
nuisance connected with prostitution. 

Prostitutes undoubtedly do great harm by inveigling green boys and 
youths to their embraces. They are always well acquainted with the ways 
of the world, as well as with its vices, and by long association with men, 
in addition to their native feminine tact, have acquired the arts by which 
the average male is fascinated in a degree not always possessed by the 
more modest of their sex. When one of these women seizes upon a 
youth at the most susceptible period of his life, he is very apt to become so 
infatuated with her charms as to be led into actual crime to gratify her de- 
sires. The consequences of such an entanglement may be very far-reach- 
ing, and involve innocent persons in great distress. 

The sight of prostitutes plying their trade is not a pleasant one for 
decent women, and still it is a nuisance existing to a greater or less degree 
in all large towns. 

Prostitution can never be abolished, nor is it desirable that it should 
be. It is as certain as anything can be in this world, that if it were 
abolished, something worse would take its place. Marriage depends too 
much upon the price of corn to be much affected either w-ay, and the 
sexual passion would, in a large number of men, find its gratification in 
some other way than that. The only question then is that of confining 
prostitution within proper limits. To prevent as far as possible the se- 
duction of youth who might otherwise remain chaste for a time, and to 
prevent any shock to the sensibilities of modest women, stringent laws 
should be passed and enforced against the solicitation of men by prosti- 
tutes. iNIen should seek these women, and not be sought by them. Every 
prostitute should be obliged, under fear of a severe penalty, to conduct 
herself in public places like a virtuous woman. Further than this it does 
not seem advisable for the law to go, excepting for the purpose of pre- 
venting contagion. 

Diseased animals. — The diseases which are liable to be communicated 
from animals to men are glanders, farcy, and hydrophobia. The two 
former diseases affect the horse and its congeners, and the latter the dog 
and some other carnivorous animals (foxes, wolves, cats, martens, and 
badgers). 

Glanders and farcy are essentially the same disease — that is, they are 
both produced by the same poison. They are intensely contagious, and 
mav be either acute or chronic. The inoculation of the specific virus in 
one animal may produce acute glanders, in another farcy, and in a third 
chronic glanders. It is not positively known whether the disease ever 
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originates spontaneously, or whether it is communicable through the air, 
but in the vast majority of cases it is undoubtedly communicated by direct 
contact. 

In (jlanders the most prominent symptom is the affection of the nasal 
mucous membrane. If the disease is chronic, the general health of the 
animal may not suffer at first. There is some swelling of the submaxillary 
lymphatic glands, and a discharge from one or both nostrils, generally 
from only one — at first watery, afterwards becoming purulent, bloody, and 
fetid. There are ulcerations on the mucous membrane, and acute glanders 
is often developed, and carries the animal off. 

In acute glanders the discharge from the nostrils is accompanied by a 
high fever, with cough and shortness of breath, and the ulcerations are 
deep and extensive. 

Chronic farcy commences by an indolent inflammation of the lym- 
phatic glands and vessels, which become red, tender, and enlarged. There 
is also an eruption of cutaneous tumors. The glands and tumors tend to 
suppurate and form indolent ulcers, which discharge an ichorous fluid. 
The general health may remain good for some time, but at length ema- 
ciation sets in, with cough, and often acute symptoms, with which the 
animal dies. 

In acute farcy the symptoms are more urgent, and the abscesses 
take on an inflammatory character. 

The morbid anatomy of all these forms is the same, including injec- 
tion, swelling and ulceration of the nasal mucous membrane, and lobular 
pneumonia. 

It was not known that these diseases were communicable to man until 
Schilling reported a case in 1821, under the title " Merkwiirdige Krank- 
heit und Sectionsgeschichte einer wahrscheinlich durch Uebertragung 
eines thierischen Giftes erzeugten Brandrose." Since that time many 
cases have been reported, and the fact of its communicability is so well 
established that in most countries laws have been enacted to prevent the 
spread of the disease among horses as well as to men. 

As the nasal secretion and the discharges from all sores and ulcers of 
glandered horses are intensely contagious, it is of the utmost necessity to 
get the sick animal out of the way as soon as possible. It should be 
killed, and although it is seldom practicable, it would be well if the body 
were burned. All hay, straw, bedding, etc., which could possibly have 
been touched by the animal, should be burned, blankets, etc., fumigated 
with sulphur, and the wood- work of his stall scraped and washed with a 
strong solution of carbolic acid. In order to have all necessary precautions 
properly observed, the Sanitary Code of New York City provides (Sec. 
185): " That every veterinary surgeon who is called to examine or profes- 
sionally attend any animal within the city of New York having the 
glanders or farcy, or any contagious disease, shall within twenty-four hours 
thereafter report in writing to the Board of Health of such city the fol- 
lowing facts, viz, : 1st, a statement of the location of such diseased ani- 
mals; 2d, the name and address of the owner thereof ; 3d, the type and 
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character of the disease;" and Sec. 121 provides that no animal with 
glanders or farcy, or any contagious disease, shall be in any way disposed 
of, excepting with the permission and under the direction of tlie Board of 
Health. 

llijdrophohio occurs in dogs with sufficient frequency to render its 
prophylaxis a matter of importance. It is caused by the inoculation of a 
specific poison, according to Youatt and Gamgee, and never originates 
spontaneously, even in animals. Hammond has expressed an opinion 
that it may sometimes be communicated by the bite of a healthy animal, 
but such a theory would require a stupendous amount of proof for its sup- 
port. The virus seems to exist in the saliva alone, and so the disease is 
usually communicated by the bite. 

A dog attacked with rabies is restless, dull, and evidently shuns the 
liglit. The pupils are dilated, and the well-known bark is changed into a 
melancholy howl. Sometimes there is delirium, and the dog snaps at 
.imaginary objects in the air. The appetite is lost, but there is often con- 
siderable thirst, and the animal usually drinks Avithout difficulty. Saliva 
dribbles from the tongue and sides of the mouth, and emaciation, with 
marked retraction of the abdomen, sets in. There is constipation, with a 
scanty discharge of urine, and often a morbid craving for filth, so that the 
animals will eat dung, portions of dead dogs, etc. The disease lasts from 
four to eight days, and toward the end the animal is often paralyzed in his 
hind-quarters. It is always fatal. 

The chief points in the prophylaxis of hydrophobia are to kill every 
mad dog, and to keep every dog that has been bitten by another under 
strict surveillance, and kill him as soon as he becomes sick. The only ex- 
ception to be made to these rules is when a human being has been bitten 
by a dog supposed to be rabid. In such cases the animal should not be 
immediately killed, but should be confined until the true nature of the 
disease is beyond doubt; for if the animal should recover, it would re- 
lieve the bitten person from terrible anxiety. The New York Sanitary 
Code makes essentially these provisions, and adds that " the dead body of 
any animal that died of such disease shall be at once buried not less than 
three feet under ground, at some place not within 1,000 feet of any resi- 
dence." It would perhaps be better to have them burned. 

The diseases of food animals are considered elsewhere. 

3, IViOse nuisances ichich are nuisances on account of their danger- 
OKsness. 

Every year persons are killed or injured by preventable accidents, and 
many of these accidents are due to the carelessness, greed, or parsimony 
of individuals, who, in one way or another, render their premises a source 
of danger to the lives and limbs of others. The most common nuisances of 
this class are unprotected stairways and areas, uncovered cellar ap- 
proaches, unguarded excavations, buildings in course of erection, swing- 
ing signs, imperfectly fastened fiag-staifs and poles, insecure chimneys, 
and ferocious animals. 
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It is the fluty of the public authorities to see that all depressions 
below the level of the street, roadway, or sidewalk, into which a passenger 
may slip or step, are properly protected, either by railings, fences, or close 
covers. Openings in the roadway should liave an additional protection at 
night by means of lights. 

Where new buildings are erecting, there is a certain amount of danger 
from falling tools, bricks, and pieces of lumber. The dangerous locality 
should either be protected by a temporary slied, with a roof over the side- 
walk made of plank thick enough to resist the impact of anything likely 
to fall upon it, or the public may be prevented from passing within a cer- 
tain distance by fences, or, as is the custom in Paris, by men stationed to 
warn them away. 

Swinging signs, and signs which stretcli over the sidewalk, should 
never be allowed; and a penalty should be enforced against the owner of 
any building from wliich falling bricks or stones, etc., injure any passer- 

The laws relating to ferocious animals ought to be exceedingly strin- 
gent. Dogs that are known to be cross should be kept in confinement 
when on their master's premises, and when taken out should be properly 
muzzled. Cross cattle and biting or kicking horses should also be kept 
under strict surveillance, and their owners held responsible for any dam- 
age done by them. Biting horses should certainly always be muzzled. 

4. Those nuisances which are nuisances on account of the smoke 
caused by them. 

Among the unpleasant results of the immense development of manu- 
factures in modern times is the discharge of enormous volumes of smoke 
into the atmosphere, defiling the face of nature and causing great incon- 
venience and discomfort to human beings. All ories in which large 
fires are kept are more or less of a nuisance in this respect; but the estab- 
lishments against which complaints are most frequently made, in my ex- 
perience, are box factories, planing-mills, founderies, forges, potteries, 
dye-houses, sugar refineries, and breweries. * 

The composition of smoke, as it leaves the chimney, depends largely 
upon the character of the fuel used. The visible portion of it is uncon- 
sumed carbon, but there are also various acid products of combustion, 
beside the normal constituents of the air and some water. According to 
Parkes, anthracite coal smoke adds to the air carbonic anhydride, car- 
bonic oxide, hydrogen, carburetted and sulphuretted liydrogen, nitrogen, 
water, carbon, and sulphuric acid. Angus Smith found in the black 
smoke of a sugar refinery, of carbonic acid 7.13 parts, of carbonic oxide .52 
parts, of oxygen 12.93 parts, and of nitrogen 79.42 parts, besides water, 
soot, and sulphurous acid. In common smoke he found 2.53 parts of car- 
bonic acid, 18.01 of oxygen, and 78.86 of nitrogen. The chief nuisance 
caused by smoke is due to the unconsumed particles of carbon. 

The amount of carbon which escapes in smoke depends on the charac- 
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ter of the fuel used, and also on the way in which it is added to the fire. 
The unconsumed carbon is of course that which has either never been 
heated to the point at which it combines with oxygen, or, if so heated, has 
not come in contact with oxygen. The former is generally tlie case, and 
the failure to attain the proper temperature may be due to any one of 
many causes. In order to keep up a fire there must be a constant sup- 
ply of fresh air, and that from which the oxygen has already been taken 
umst be withdrawn. This continual and rapid change of the air in con- 
tact with the heated substances is brought about by the difference in 
weight of heated and cold air, and constitutes what is called the draught 
of the furnace. Now, if the fuel used be light and porous in texture, if 
particles are easily detached from it, the disintegration which begins when 
it is heated to a certain point even short of ignition, will result in the 
whirling away of small particles and even cinders in the air-current before 
they are consumed. Accordingly the use of shavings, sawdust, and splin- 
ters of wood for fuel produces heavy clouds of smoke, and the box facto- 
ries and planing-mills, which consume tlieir waste both to get rid of it and 
to economize in coal, are the objects of frequent complaints. Bituminous 
coal also causes a thick black smoke, and as this is the coal generally 
used in England, the smoke nuisance is a more common one there than 
here. Anthracite coal, on the other hand, being hard and coherent, and 
consuming slowly at a red heat, produces very little smoke, and rarely gives 
rise to a nuisance unless the sulphurous gases from it are plentiful enough 
to be noticed. Wood, being a soft, not closely knit fuel, also causes 
some smoke; and if it be green, the water of the sap absorbs so much 
heat during its conversion into steam, that considerable of the carbon 
escapes unconsumed. The method of firing also has its influence in the 
production of smoke. If the fresh coal is spread over the entire surface of 
that already heated, the sudden cooling of the upper layer produces an 
abundant evolution of smoke. A too abundant and a too scanty supply 
of air produce the same effect. If the supply is too abundant, a por- 
tion of the coal is cooled sufficiently to give off smoke ; and if it is too 
scanty, some of the carbon has no opportunity of combining with oxygen, 
and so passes off as soot. 

The prevalence of smoke in the atmosphere does not seem to produce 
any injurious effect upon the public health. The yearly mortality of 
England, which suffers more than any other country from the smoke 
nuisance, is very low, being in London, for instance, only about 22 in 
1,000, and in the great manufacturing town of Manchester, only 28 in 
1,000. In Pittsburg, Penn., where bituminous coal is used, and the smoke 
nuisance exists in a high degree, the annual mortality is only 2G or 27 
per 1,000, which is not high, considering the large factory population. 
But a large amount of smoke in the air does appreciably affect the comfort 
of those who have to inhale it. If it is very dense, it produces some irrita- 
tion of the throat and sometimes a feeling of dryness, with a tickling cough. 
It may also cause smarting of the eyes, and increased vascularity of the 
conjunctiva, with lachrymation. Tliis is more likely to be the case with 
Voi,. II.— 30"^ 
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wood-smoke than with coal-smoke, probably owing- to the presence of pyro- 
ligneous acid or other acid products of destructive distillation. The smoke 
of isolated factories is not alwaj^s a nuisance, for in fine weather it usu- 
ally rises and is so dissipated in the air that it is not perceived anywhere 
offensively. But in damp weather, and when the barometric pressure is 
light, it sinks to the ground in the immediate vicinity of the chimney, to 
the great discomfort of those who live near by. The meteorological con- 
ditions affect the gaseous products of combustion, of course, as well as 
the carbon, and the air of a manufacturing town is at times therefore 
much richer in carbonic acid than at others. Angus Smith found on a 
foggy day in Manchester .0670 per cent, of carbonic acid in the air, 
and in ordinary weather only .0403 per cent., a difference of over 50 per 
cent. 

This amount of carbonic acid is not enough to appreciably affect the 
health, which, liowever, may possibly in some cases be indirectly injured 
by the fact that windows and doors have to be kept shut to keep out the 
smoke, and so ventilation is interfered with. 

In the case of ordinary chimneys, there is lasually no nuisance unless 
there are windows at a higher level than the chimney-top, into which 
smoke is carried by the wind. The chimney should then be built higher, 
or extended, by means of a metallic flue, to a point above the roofs of the 
adjoining buildings, and the nuisance will be abated. But in the case of 
factories, the volume of smoke is too great to be thus disposed of, and 
different appliances have been invented to consume the smoke before it 
reaches the chimney. 

The question has been raised as to the desirability of consuming all 
the smoke. Consumption means the conversion of this escaping unburned 
carbon into carbonic acid or carbonic oxide, and the addition of so much 
of these poisonous gases to the atmosphere. Is not the unburned car- 
bon, it has been said, less noxious and dangerous to the community than 
the carbon gases would be ? As long as we have abundant proof of the 
discomfort caused by the former, and no evidence at all of any dangerous 
effects from the latter when discharged into the air from a lofty chimney, 
the problem seems hardly worth discussing. 

One method which has been proposed for preventing the evolution of 
black smoke is to have the air-draught enter the fire-bed from above in- 
stead of from below, and pass through the fresh coal before reaching that 
already heated. Thus the gaseous emanations and the solid particles from 
the coal which was becoming ignited would have to pass through the 
highly heated layer before reaching the chimney. The objection to this 
is that, the draught being away from the fresh coal instead of toward it, 
the fire does not burn briskly enough, and the heat contained in the 
freshly applied coal is not evolved quickly enough to satisfy the present 
necessities of industrial works. The principle, however, is a good one, 
and should always be followed in firing any furnace whatever. That is to 
say, the fresh coal should be put on near the door, so that the unconsumed 
particles that fly off will have to go over an extensive bed of hot coal before 
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escaping" from the fire-bed. It is too g-eneral a practice with stokers to 
do the exact opposite of this, and throw the fresh fuel toward the back of 
the furnace, raking the incandescent coal toward the front. 

In other cases the smoke from the first fire has been passed through 
a second one, or over ridges of iron or stone heated to redness. Still 
other smoke-consumers act on the principle of introducing more oxygen 
at the rear of the fire-bed, and mingling it with the smoke before it enters 
the chimney, either by perforations in the bottom and sides of the fire- 
plate, or by single flues of a larger size. Where this is done, the air 
should be heated before it is mingled with the gases, or its cooling effect 
may make the smoke more abundant than before. Others have intro- 
duced a jet of steam into the fire; the water is decomposed, and the liber- 
ated hydrogen and oxygen, forming new combinations, increase the heat 
of the fire and diminish the amount of unconsumed carbon. 

Some, instead of trying to consume all the carbon, have precipitated 
it as far as possible in the chimney, either by a jet of steam, or by a spray 
of cold water. In this way a considerable amount of it may be carried to 
the bottom or sides of the flue, and removed thence when there is a suffi- 
cient accumulation. 

Notwithstanding the theoretical perfection of some smoke-consuming, 
apparatus, their success depends so much upon the intelligence and care- 
fulness of the persons who use them, that they are often practically use- 
less. Almost all the forms become clogged with soot and ashes and are 
very soon inoperative, unless they are frequently examined and cleaned. 
This the engineers and stokers will not do without constant watching, and 
consequently smoke-consumers, which work well when first constructed, 
"will often in a very short time have no effect at all, and the nuisance that 
they were expected to abate will be just as bad as before. 

The most successful smoke-consumer that I have seen is one in which 
the fire-bed is beneath the anterior third of the boiler, and the flame and 
heated air and smoke are carried thence through a narrow passage between 
the under side of the boiler for the remainder of its length, and a V-shaped 
fire-plate with perforations, through which fresh air is sucked in by the 
draught. 

But no smoke-consumer does more than palliate the nuisance and 
make it less intolerable than before. When the rapidity of the draught, 
and the impossibility of slowing it much without putting out the fire, are 
considered, it may be well doubted whether the smoke-nuisance can ever, 
in the nature of things, be efiiectively abated, so long as the use of light or 
porous fuel is adhered to. 

5. Those nuisances ichich are nuisances on account of the noise caused 
by them. 

It is quite possible that the difference in the rate of mortality in town 
and country may be in part due to the constant wear and tear of city life, 
in comparison with the quiet, humdrum life of country people. And 
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the nervous strain to which the dwellers in cities are subjected is not 
alone due to the greater business activity, the more intense rivalry, and 
the more irregular habits, but also in some degree to the incessant mental 
concentration required, on account of the many distracting influences that 
continually assail their senses. Whether the din and rattle of the streets, 
of machinery, of railroads, etc., actually injure the health of a population, 
there are no reliable statistics to prove or disprove; but, from the fact that 
invalids and delicately organized people are distressed by constant noise, 
it is not an overdrawn inference that the terrible racket which assails the 
ears of people in our time may be one factor in the remarkable increase of 
insanity. 

Exposure to a bright light, and over-exertion of the eyes in straining 
to distinguish minute objects, produce, as is well known, certain forms of 
disease, and result in impaired vision. Why is it not fair to suppose that 
the incessant pounding of waves of air upon the tympanum, with the 
violent jarring of the delicate bones and membranes of the ear, may pro- 
duce changes in that organ which will impair the sense of hearing? It 
would be interesting to note whether deafness from all causes is more 
common in cities, and in persons exposed to constant noise, like railroad 
employees and factory hands, than in those who lead a more quiet life in 
rural repose. 

The most common sources of noise are railroads, factories, machine- 
shops, forges, boiler-works, steam-whistles, exhaust-pipes, bells, fireworks, 
and street pavements. 

The noise caused by the first five of these nuisances cannot be abated, 
and such Avorks should always be at a great distance from dwellings. 

Steaui-irJiistles are used by many factories as an indication to the em- 
ployees when to begin and when to stop work. The suddenness of the 
noise and its piercing quality render it a great nuisance, and in England 
its employment is regulated by the Steam Whistles Act of 1872. The 
steam-whistle should be abolished in crowded localities, or at least limited 
to a single puff of steam, and not be allowed to screech for several minutes, 
as the custom often is. 

Exluiutst-pipes should always discharge the spent steam above the 
roof of tlie building. Even then the condensed vapor falls in a shower of 
rain, and constitutes a nuisance to citizens below, and may rust machinery 
or rot wood in its vicinity. The escaping steam from a high-jDressure 
engine too often makes a peculiar puffing or intermittent blowing sound, 
which is very distressing to those within hearing of it. Both these ob- 
jectionable features may be obviated by having the exhaust discharge 
into a condenser on the roof, which need be nothing more than a covered 
hogshead, half filled with water, which condenses most of the steam, and 
muffles the unpleasant sound so that it is scarcely audible. 

Clmrch hells and chimes, and those attached to factories and schools, 
together with striking tower-clocks, add to the noise of large towns, and 
would seem to be entirely unnecessary, though their abolition would 
probably meet with great opposition. 
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The nuisance caused hy Jiremorks occurs so seldom that it is not so 
prominent as those previously mentioned. Both on account of the noise 
and the danger of fire, their use should be limited, and only allowed under 
strict police regulations. 

Among all the noises of a great city, that caused by the rattling of 
vehicles over streets paved with stone is the worst and the most difficult 
to prevent. The substitutes for stone pavement which have been most 
highly recommended for their freedom from noise are wood and asphalt, 
and of these probably the latter is preferable. The matter of pavements 
will, however, be discussed elsewhere. 

In this chapter many subjects have been omitted, some of them, like 
coke-ovens, for example, because they do not exist in this country, and 
others, as the retting of hemp and flax, because, so far as I know, the 
process is not here attended by nuisance. The aim of the chapter has 
been not to make a complete resume of the arts and industries, with the 
nuisance caused by each, and the method of its abatement, but to men- 
tion enough of them, and give enough detail as to processes and results, 
to furnish medical men with general indications for the management of 
such nuisances. 
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QUARANTINE. 
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The principles which should govern the practice and workings of 
quarantine are certainly among the most complex of hygiene and medi- 
cine. If it be borne in mind how varied are the theories that prevail with 
regard to the conditions of the development of epidemics; the fact that 
in every country different elements of predisposition or of immunity with 
I'egard to these epidemics exists; also that a system of quarantine, while 
it confers advantages on those it protects, often imposes grave incon- 
veniences on those it interdicts — it will be at once appreciated how difficult 
it is to express, in administrative formula^, regulations applicable to every 
case. The difficulty is still further enhanced by the fact that quarantine, 
in the first instance, is an offspring of the ignorance, superstition, and a 
paralyzing fear consequent upon the devastations of some overwhelming 
scourge of the Middle Ages, which found expression in ill-judged and ex- 
treme repression. Even at this day, in many ^Jortions of Southern Europe, 
these ancient traditions still cling with pertinacity to the practical work- 
ings of quarantine; indeed, our own country, which of all others should 
be notably free from any such influence, has in certain places, during the 
epidemic of the past season, fallen back to the practice and spirit of the 
Dark Ages, as manifested in the total exclusion of persons and merchan- 
dise. In such localities the experience and observation of past epidemics 
in this and other countries are ignored; the study of the natural history 
of epidemics, whicli has faithfully formulated their modes of transmission, 
and so pointed out the rational measures for their contravention, are lost 
sight of in the panic which prevails. 

Few subjects, therefore, have given rise to opinions so widely diverse, 
or have been the subject of discussion so varied and extended: on the 
one hand, the advocates of non-intercourse and exclusion; on the other, 
the advocates of the most unrestricted intercourse. Until very recently 
it has been with this last class that the advocates of a rational quarantine 
were called upon to discuss its legitimate sphere. An unrestricted inter- 
course followed as a natural result the development of hygienic studies. 
Regarding filth in all its varied relations as a necessary factor for the 
presence of disease-germs, the advocates of this doctrine relied upon sani- 
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tary measures, vigorousl}^ applied, as affordiiif^ the desired protection to 
any community. 

Still a third class should be mentioned in this connection, viz., those 
who advocate a uniforni system of quarantine. Those who belong- to this 
class lose sight of the fact that distance from the seat of infection, 
climatic influences, the peculiar topographical relations of the locality, 
as well as the social condition of the people, are all so many different ele- 
ments to be considered in adjusting such a system to a particular place. 

Without attempting a historical review of the subject, interesting as 
it would be, as showing the rise and development of these antagonistic 
views, it will be the object of this paper to consider the value of the dif- 
ferent propositions, point out their respective defects, and illustrate from 
practical workings principles applicable to any locality. 

Definition. — The word " Quarantine," derived in the first instance 
from the limit of time considered necessary for the observation of per- 
sons and merchandise suspected of exposure to pestilential contagion, has 
in its present application little of its original significance. While the 
term is no longer intended to express the duration of observation, taken 
in connection with sanitary studies, it comprises the tohole series of restric- 
tive and sanitary measures destined to prevent the introduction and spread 
in a locality of an epidemic or contagious affection. These measures consist 
not only in placing barriers and restraints to free intercourse, but also in 
making every effort possible to modify the receptivity of an exposed com- 
munity, should the seeds of such an epidemic disease be planted in its 
midst ; for the march of every affection transmissible by man is subordi- 
nate to two conditions: first, the greater or less intensity of the contagion, 
no matter how transmitted; and second, the degree of receptivity of the 
threatened populations — this susceptibility being dependent chiefly on 
their hygienic conditions. 

All restrictive ineasures, however applied, have for their object to stop 
the propagation of the morbid cause. Hygienic measures should protect a lo- 
cality, or it maybe section of country, from the action of this cause, either 
by preventing its penetration or by restricting its development. Now, 
these two classes of measures, naturally so interdependent the one upon 
the other, have each been made the exclusive point of departure of sani- 
tarians, both parties regarding the two orders of measures as two distinct, 
irreconcilable methods. On the one hand, the contagionists, who see in 
the propagation of an epidemic only a series of morbid acts fatally im- 
posed upon thousands of similar organisms by the contact of a specific 
germ, advocate only restrictive measures; while on the other hand, the 
partisans of a spontaneous origin of disease, who ascribe the entire 
trouble to defective hygienic conditions, overlook the fact that epidemics 
often invade the most salubrious locality, and therefore must be combated 
by other measures than those which are purely hygienic. Certainly, hy- 
giene alone cannot confer an immunity comparable to that which keeps the 
pestilence at a distance, or at least weakens its transmissible properties. 

These propositions are far from being purely hypothetical; the teach- 
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iiigs of the pure school of hygiene are to-da}- chiefly accepted in England, 
Avliere hygienic measures are alone relied on for preventing the ingress of 
epidemic communicable diseases. The natural result of this doctrine is the 
suppression of quarantines, the abolition of all obstacles to free commer- 
cial intercourse, the unrestricted circulation of passengers and merchan- 
dise. Tlie promulgation of such a doctrine would evidently meet a hearty 
reception among a mercantile and commercial people. Self-interest is a 
powerful lever to sway and determine definite action, particularly if the 
teachings of science can be shown to harmonize therewith. As a further 
consequence of this doctrine, the practical development of hygienic 
studies has been immensely stimulated in Great Britain, which now occu- 
pies the foremost rank among nations in matters pertaining to hygiene. 
1 cannot, liowever, regard her partial immunity as due wholly to this 
cause. Her natural isolation from the continental masses; her climatic 
conditions, which probably render the propagation of the yellow fever 
germ impossible; her great distance from the endemic seat of the pes- 
tilence — all these enable her, so far as yellow fever is concerned, to main- 
tain with impunity the free '"'■pratique " of her ports. 

While the sameness of language and literature causes us to adopt in 
so many ways the views and teachings of Eiiglish scientists, we must not 
forget that in all the conditions above mentioned we occupy an entirely 
different situation. Though we concede pre-eminence to her sanitary 
organization, which extends to every hamlet and locality in the land, we 
must not blindly adopt conclusions which would cause us to trust to hy- 
gienic efforts alone, as a means of repressing the progress of epidemics. 

The majority of readers have probably not forgotten how seriously 
Great Britain, acting on the above principles, suffered from the scourge 
of the cattle plague. The French veterinary surgeons, recognizing early 
the contagious character of the epidemic, promptly took vigorous meas- 
ures to strike at the root of the pestilence. In order to prevent the 
spread of the disease, they found it necessary to kill not more than a 
hundred cattle; while in England, owing to the aiuirchy of opinions, 
events followed their natural course — a mortality of 300,000 cattle was 
the result. 

It is therefore important that clear and positive views should be en- 
tertained with regard ;;o the necessity of employing preventive measures 
before the arrival of a scourge. In harmony with this idea, localities or 
countries should organize measures which keep at a distance from the 
mass of the population an approaching pestilence, while at the same time 
these measures should be of a character that will interfere, as little as 
possible, with the freedom of individuals and the requirements of com- 
merce. Quarantine and commerce, which for centuries have been antag- 
onistic, can co-operate for the same result. The careful study of the 
propagation of epidemics shows that repressive action and commercial 
interests may work in the most perfect harmony; that the series of meas- 
ures adapted to oppose the introduction of a contagious disease are 
those which facilitate in the highest degree the active interchange of 
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commercial products; that, so far from sequestrating commercially locali- 
ties in which epidemics exist, or obstructing wholly those which may be 
threatened, an interchange of persons and commodities may constantly 
occur. 

Although the question whether our epidemics of yellow fever are of 
indigenous or exotic origin is again being agitated, I do not propose in 
this connection to review or argue the subject. Yellow fever is not a new 
visitant to any portion of our sea-board. Epidemics yearly appear upon 
some part of its vast extent. For nearly two centuries the most careful 
and painstaking minds of tlie profession have from time to time studied 
these incursions, and during that whole period hardly an epidemic has 
occurred whicli was not positively traced to importation. While there 
are instances, in New Orleans and some of the other cities of the Gulf, 
which would seem to militate against this conclusion, because the disease 
has appeared in the same locality during consecutive years, this has been 
satisfactorily explained by the defective sanitary condition of the locality, 
as also by the fact that the germ had probably remained dormant in 
some closed building or cellar, where ingress of air had been prevented 
during the winter months. 

From other shores, then, through the channels of commerce, both 
yellow fever and cholera gain their lodgment, l^o not the first dictates 
of reason respond to the demand that their introduction be prevented, 
and that measures — call them quarantine or sanitary inspection, it mat- 
ters not — be taken to prevent their ingress, rather than trust to purely 
hygienic measures Avhich can at best work only on restricted localities? 
On the other hand, as we have already intimated, we must not pass to 
the other extreme of advocating an obstructive quarantine. The pesti- 
lence of the past season, which has raged so fearfully through the South- 
west, has produced a feeling akin to terrorism throughout that whole 
section. The leading physicians make no other suggestion against future 
invasions of yellow fever than absolute iion-i)itercoiirse between that 
section of country and the West Indies for six months of each year. 
While I recognize fully the difficulties Avhich are inherent to their climate 
and proximity to the foci of the disease, such recommendations, it ap- 
pears to me, are not deductions from observation and study, but partake 
i-ather of the spirit of the Middle Ages. Nor are these remarks made 
without weighing their import and future application. An experience of 
seven seasons, at a port where for four months of each year infected ves- 
vels arrive daily, enables me to speak somewliat authoritatively. 

Having listened to the detailed recital of the circumstances under 
which the disease was introduced at New Orleans, I do not hesitate to 
state, that under similar circumstances yellow fever might be brought to 
the docks of New York any day during the four months of its prevalence 
in the harbor. The difficulty at New Orleans was that sanitary observa- 
tion and inspection existed in name, but not in fact. The people supposed 
that they were amply protected, but yet the disease showed itself suddenly 
in their midst.. Is it wise under such circumstances, because a system is 
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imperfectly administered, to condemn it and adopt in its place the extreme 
doct ruie of absolute exclusion '? It requires very little experience to show 
that such a course would in reality be as inoperative and ineffectual as the 
present system. Commercial activity is so great that no system of ex- 
clusion would be tolerated. Rival cities would relax restrictions, espe- 
cially if founded on no better principles than those wliicli now prevail, and 
the disease would as certainly be introduced. 

A quarantine to be effective must be founded on ^^r^;^c?)>fe, and not 
merely on the peculiar conditions and requirements of a loccdltij. The 
a]:)plication of these principles will of course vary with the locality, but 
the latter should always be a subordinate factor in the problem. Fortu- 
nately, in the organization of a quarantine system, our peculiar position — 
widely separated as we are from the countries of Europe — and our prox- 
imity to the "/oyer" of the yellow fever scourge, have called for indepen- 
dent action, and have enabled us to do away with many of the prejudices 
which so long clung and still cling to many of the Mediterranean ports. 
The practices of our system have many of them grown from the very ne- 
cessities of the position; still others from the careful study of the natural 
history, modes of propagation, and incubative period of the disease. In 
each and eyery place where quarantine is even jDartially enforced in this 
country, the intimate relation between the spread of the disease and the 
failure to isolate those who are sick or suspected, and to enforce absolute 
cleanliness of vessel as well as of threatened locality, is fully recognized. 
It is from this standpoint, therefore, that I propose to discuss the ques- 
tion. Any efforts to prevent the propagation of an epidemic must include 
the full recognition of the necessity for the examination of all suspected 
vessels at a distance from the centres of population, as well as the most 
thorough and efficient regulations to secure the best hygienic conditions 
of the threatened community. Here too, before entering upon the discus- 
sion of the measures best adapted to })romote this purpose, I must recog- 
jiizc the efficiency and utility of a principle as applicable in the larger 
field of national' hygiene as in the local and municipal one. 

Physicians — and now, even in advance of physicians, the general public 
— recognize as of greater importance the prevention of local maladies, 
rather than the most skilful treatment of those diseases when actually in 
our midst. So, too, in the broader field of national hygiene, the importance 
of jugulating epidemics at their place of origin, is a far higher and more 
nnportant duty than the execution of the most studied measures of exclu- 
sion when the disease is actually upon us. 

The want of some common, international code of principles prevents 
that unity of action so desirable in all such matters. Still, in Europe 
very much has already been done to impede the propagation and spread 
of cholera. Though the endhniciti' of this scourge is upon the banks of the 
Ganges, where the teeming population and peculiar habits of the people 
render local action impracticable, still there is a field where preventive 
measures can be utilized before the disease reaches the confines of Europe. 
Observation has shown that the epidemics which have from time to time 
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during this century devastated such larg-e areas liave been usually brought 
overland by the caravans — those, on the one hand, Avliich pass for com- 
mercial purposes into Russia, and chiefly, on the other, the hundreds of 
thousands of Mahomedans who make their annual religious pilgrimage to 
Mecca. Vast bodies of pilgrims from the shores of the Mediterranean 
also congregated at the same place, and, upon their return, introduced 
the disease into all parts of Elgypt, Turkey, and the Levant. The germs 
were scattered among filthy and receptive populations, and thus the dis- 
ease spread until it assumed the proportions of a scourge. France, fully 
awake to this source of danger, has, by her influence and arguments in the 
different international medical congresses, succeeded in having sanitary offi- 
cers placed not only at Mecca and Medina, but at all the principal seaports 
of the Red Sea and the Mediterranean, Avhere the return embarkation of 
the pilgrims occurs. It is the duty of these officers to inspect carefully and 
constantly the sanitary condition of the pilgrims ; to telegraph the first 
outbreak to the medical officers on the coast, who in their turn send word 
to the central authorities of Turkey and Egypt. It is also their duty to 
prevent the departure of the pilgrims until all traces of the disease have 
disappeared, and so stamp it out at its second endemicite. Every year, 
for the past six years during which this system has been iij operation, 
cholera has appeared among the pilgrims, and has been jugulated before 
it gained a foothold on the shores of Europe. 

Thanks to the thinly settled frontier of Russia, the approach to which 
is limited to certain routes and passes, the military cordon sanitaire — 
Avhich is only applicable under such conditions — has effectually arrested 
the progress of cholera in that direction. May we not hope, with the 
fuller and more perfect development of these true preventive measures, 
that the world Avill be spared further desolation from this scourge. 

Turning to our own country, we stand in almost similar relations with 
regard to the incursions of yellow fever. It is conceded by the vast 
majority of observers of the disease, that it is nowhere endemic upon the 
coast of the United States. If this be so, the principles applied to the 
prevention of the transmission of cholera can be equally applied to the 
prevention of yellow fever. Its chief habitats, so far as danger to this 
country is concerned, are Havana and Vera Cruz, although the city of 
Rio Janeiro seems similarly related. The situation of the latter port, 
however — in the southern hemisphere, where the seasons are the reverse 
of those in the northern — the prevalence of the disease there during our 
cold weather, and the length of the voyage, make its propagation from that 
source almost impossible. It is chiefly at Havana, then, that the princi- 
ples referred to should be applied. In view of its proximity to the whole 
of our southern coast, and in view of the fact that the time of transit 
from there to any of our numerous ports is within the period of incuba- 
tion, it seems to be very desirable that some decided measures should be 
taken by the Spanish Government to destroy the constant receptivity of 
Havana to this disease. 

While I cannot speak from personal knowledge, conversations with resi- 
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dents and with those whose communication by vessels is constant, convince 
me that a thorough system of sanitary measures applied to the city and 
surroundings would go far toward attaining this desired end. It is not 
within the province of this paper to discuss the measures by which such a 
result could be effected; but, in view of the enormous commercial interests 
common to the two countries, it would seem of great importance that our 
government should take some decided action looking to that result. 

Thanks to improved facilities of transportation, sliip fever has within 
rifteen years become almost a mythical disease. If cholera can be stamped 
out at its place of inception, it will cease to be the terror of nations; and 
so, if yellow fever can be robbed of its virulence, we shall have done more 
to solve the teasing and difficult problem of contravention of persons and 
merchandise than, have the most enlightened efforts of local sanitarians; 
for the efforts of all true students in this direction must be to contravene 
as little as possible the rights of the few, while seeking the welfare of the 
many. 

Quarantine regulations in most of the ports of this country recognize 
four diseases subject to control, viz., small-pox, ship fever, yellow fever, 
and cholera. Since each of these diseases has special and peculiar modes 
of propagation, so to each special restrictiA'e measures must be applied. 
Before, however, the scop« of these measures, with relation to the disease 
to be excluded, can be considered, certain general rules pertaining to the 
organization of quarantine establishments, the inspection of vessels on 
their arrival at the port of entry, the health of the ports of departure, and 
the modes of obtaining necessary information concerning the sanitary 
condition not only of these ports, but also of the vessel during transit, 
must be laid down. 

The prevention by quarantine measures of the introduction of any 
communicable disease into a community presupposes the organization of 
an establishment, where not only a thorough inspection of all incoming 
vessels can be made, but also where full provision can be afforded for 
the sequestration of those suspected. Hospital facilities, then, are required 
for ship fever, small-pox, yellow fever, and cholera; for it is not impos- 
sible, and indeed, it has frequently occurred in the history of New York 
quarantine, that two or more of these diseases have, at the same time, 
been under the supervision of the medical officer. It is manifestly improper 
and inhuman to subject a person recovering from one disease to the con- 
tagious influence of another. The hospitals, therefore, where those 
actually ill are lodged, must not only be separated at certain distances 
the one from the other, but the quarters allotted to those who are merely 
suspected and kept under observation should also be separate and dis- 
tant from the hospitals. 

In addition to the above there should also be a boarding station, re- 
moved both from the hospitals and from the quarters of those who are 
kept under observation, from which to proceed to inspect incoming ves- 
sels. To have the boarding station in proximity to the hospitals would 
unnecessarily ^expose those arriving in healthy ships. 
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We have, then, in tlie organization of a quarantine : 

First. — The hoardiJig station, consisting- ol' suitable wharves, boats for 
boarding steamboats and for the transportatioji of sick, and residences for 
the medical officers. 

/Second. — The ^^/aee o/' sequcstratio/t for tliose who are well, but wlio 
have been exposed to one or the other of the above diseases, and have 
not yet passed beyond tlie period of incubation. 

Third. — The hospitals, placed at distances apart sufficiently great to 
prevent the germs of one disease being transmitted to the other buildings, 
and provided eacli with the necessary complement of nurses and at- 
tendants. 

At the New York quarantine no special hospitals exist for ship fever 
or small-pox. Cases of the former disease when arriving are sent to the 
State Emigrant Hospitals, at Ward's Island, where the desired isolation 
can easily be effected ; cases of the latte;- disease are sent to the Riverside 
(small-pox) Hospital, on BlackwelFs Island. Hospital provision, however, 
is made both for yellow fever and for cholera. 

The construction of hospitals for the reception of yellow fever and 
cholera ^^atients should be of the simplest character, for, should they 
become contaminated with the infection of either disease, nothing but 
absolute destruction of the buildings could ijiduce a feeling of safety. 
In the latitudes where, and at the seasons of the year when, yellow fever 
prevails, it is seldom that any artificial heat will be required, so that 
simple wooden pavilions or good wall-tents will suffice. If, however, the 
buildings are to be permanent, provision must be made for administrative 
apartments, drainage, sewerage, heating, cooking, and the fumigation and 
disinfection of clothing and effects. Those in New York harbor are in 
all the above requirements thoroughly equipped. The buildings for the 
detention of well persons during the period of observation should be of a 
permanent character, with appliances for their well-being and comfort 
during the period of sequestration. 

AYithout an exception, so far as I can recall, every seaport on the 
coast of the United States has admirable facilities for the proper location 
of quarantine structures. There are on the sea-approaches either suitable 
islands, isolated land-spits, or reefs sufficiently far removed from the 
population to dispel the idea of danger from proximity or necessary in- 
tercourse. 

It is almost needless to suggest that in the selection of a site, care 
should be taken to avoid as far as may be the action of malaria, so that 
its poison may not be superadded to that of the epidemic. 

With this brief recital of the requirements of a quarantine station, I 
pass next to the relations of the vessel itself. 

In order that a community shall be thoroughly protected from epidemic 
influence, sanitary inspection should be made of every vessel entering the 
port, and at all seasons of the year. In the case of healthy vessels from 
healthy ports, very little delay is occasioned, while any additional expense 
is more than counterbalanced hy the feeling of security conferred upon a 
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community. To wait until disease arrives, or, as would more probably 
happen, until it has made a lodgement, would but be an effort to check a 
misfortune after its inlluences had matured. Certainly, in sanitary mat- 
ters, prevention and foresight are even more important than in ordinary 
matters of daily life. Applied to quarantine administration, it simply 
embodies the principle which underlies that great and ever increasing 
movement, now going on among all civilized people, called " preventive 
medicine." 

Every vessel then, on her arrival at the boarding station, should be 
promptly visited. The points for examination are as follows: 

l^lrst. — Establish the sanitary condition of the " port of departure." 

/Second. — Establish the sanitary condition of the vessel at the time of 
leaving. 

Third. — Ascertain her history during the passage. 

Fourth. — Investigate her sanitary condition on arrival with reference 
to cleanliness of the cjuarters of passengers and crew, character and va- 
riety of provisions, drinking water, etc. 

To determine the first it is necessary to examine the bill of health, 
given at the port of departure, either by the governmental authorities or by 
the U. S. Consul at tluit place. The form adopted by this government, 
of which the subjoined is a copy, is, I think, very imperfect. Even the 
little information it is supposed to convey has in the majority of cases 
proved unreliable, because the consuls fail to state the true condition of 
health on shore or among the shipping. Until an epidemic condition is 
notorious, they rarely make mention of sickness. I consider this attrib- 
utable, in part, to the very general form of information called for. 

Form No. 3G, Appendix. V. Con. Kog. 1874. 

BILL OF HEALTH -- CLEAN. 

I, -Consul of the United States at 

Pout Antonio, Jamaica, do hereby certify that culled the 

of. burtheiijjer register — ions, commanded by 

navif/ated by vien. and having on board 

.passengers, leaves the port of Port Antonio, Jamaica, in free 

pratique, (or in quarantine,) bound for.. - U. S. A. 

I CERTIFY, That good health is enjoyed in this town and the adjacent country, 
without any suspicion of plague, cholera, or contagious distemper tchatever. 

In witness whereof, We have hereunto set our hand and seal of office, at Port 
Antonio, Jamaica, this day of 187 

[SEAL. ] 

U. S. Co.ssuL.\R Agent. 

Vol. II.— 31 
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The bill of health should contain specific blanks for cholera, small-pox, and 
yellow fever, in which should be filled the weekly or daily number of cases 
occurring, as also the sanitary history of the vessel while in port, and her 
condition as to sickness, cleanliness, and character of food at the time of 
leaving. Such a sanitary supervision could in no way be irksome or ex- 
acting of the shipmaster, and would call his attention to, as well as re- 
quire his supervision of, such sanitary points as are, in the great majority 
of cases, overlooked. 

The form of bill of health adopted by the French Government, a copy 
of which is herewith annexed (p. 483), contrasts in this respect most fav- 
orably against our own. 

For information regarding the passengers and crew in transit, in addi- 
tion to the statement of the captain and surgeon (should there be one on 
board), an examination of the log-book should be made. By universal 
regulation of commercial nations, this book must be a daily, almost hourly 
record of every event which has occurred on board; any omission from, or 
perversion of which, is punishable. It is therefore a very reliable and 
exact transcript of the voyage. 

It is next essential to determine the sanitary condition of the vessel, 
passengers, etc., on arrival. Inspection is made by the boarding officer of 
the cleanliness of the quarters of the crew and steerage passengers. Every 
part of the steerage should be examined, and if negligence or indifference 
in regard to these places is apparent, the vessel should be detained until a 
thorough cleaning is effected. Time is so important a factor to steamers, 
that the detention of the vessel for a few hours, for purposes of purifica- 
tion, rarely renders a second correction for the same vessel necessarv. 

It is also made the interest of masters and owners to look after the 
sanitary condition of the passengers when first going on board. On ves- 
sels coming from infected ports, the captain is taught that, in caring for 
the sanitary condition of the crew and vessel while in port, he will be 
nmch less likely to contract disease, or have the vessel become infected. 
Indeed, the captain's part is not a passive one, either in the prevention of 
epidemic disease, or in its suppression when once it has appeared. Clean- 
liness of the vessel in an infected ])ort can be aided by pumping in fresh 
water daily into the bilge, and then pumping out again. A frequent 
change of water goes far to prevent a lodgment of the germs. Sailors, 
after the completion of the day's Avork, should be required to take a bath 
and to put on clean flannels, and they should not be allowed to sleep in 
the open air. Shipmasters who have for years sailed to yellow fever 
ports have told me that, by rigidly following the above requirements, they 
have never had a case. 

After inspection of the quarters, as above suggested, the steerage 
passengers should be assembled upon the deck, and pass one by one be- 
fore the inspecting officer. It might at first be supposed that the bill of 
health, the log-book, and the sworn statement of the captain and surgeon, 
would sufficiently establish the sanitary condition of the steerage passen- 
gers. PJ.\{)erience, however, has shown the necessity for personal inspec- 
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ADMINISTKATION SANITAIRE. 

PATEN TE DE SANTE. 



Nous, (le la sante d , certifions que le Bdtiment 

ei-iqyres deslfj)ie part de ce port dans les conditions suivantes, dument 
ronstateas : 



Etat liyrjienlque du nanre. 



Ft((t In/gieniqne de ri'qnipaye {cou- 
cliage, tetenients, etc.) 



Etat Jiygieiiique des passayers 

Vkres ct approvisio/inem''' divers. 



Nom du hutiment 

Nature du hdtiment 

Paviiloii 

Tonneaux 

Canons 

Appartenant an port d 

Destination 

Nom du capitaine 

Nom du medecin 

Equipage (tout comprLs) 

Passagers 

Car g also n 

M(dades d bord. -| 

Nous certifions, en outre., que Vetat sanitaire du pays et de ses environs est 

i' cholera indien 

H qu' on constate cas de - fievrejaune 

, ( peste 

Enfoi de quoi nous awns delinre la presente Patenie d , le 

mois d , 187 , d Jieure du 

L'Expaditionnaire de la Patents, Sceau Le do la santc, 

de V Administration, [seal.] 



Eau. 



du 



I'RESCIIII'TIOXS EXTRAITES DU K]>;GLE:ME>rT 

] " Tout navire ciiii arrive dans un i)ort fran(,'ais doit, 
nvant toute coniinunication, etre recoimu par I'au- 
torito sanitaire. {Ait. A du r^gleineiti.) 

H" La pr6sontation d"une i)atente de sant6, ii I'ar- 
rivtje dans un port de Fiance, est obligatoire eii tout 
ieinpi pour les navires provenantdes cotes orientales 
de la Tuniuiu d'Europe, du littoral de la mer Koire 
«t de tons les pays situ68 hors de TEurope, TAlgerie 
except6e. {Art. H du rhjlement.) 

3° Pour les provenances aiitres (jue celles mention- 
n6es i)rec6ileuunent. la patente de santo n'est obliga- 
toire qu'«« tenip'i <i'e/jidtmie rej;uant dans le pays ou 
le voisinage du pays d'oii provient le navire. (Art. 9 
ct 1(1 dK rri/lemeiit.) 

4" A reti aiiger, pour les navires franijais ii destina- 
tion de France, la patente de sant6 est dolivree par 
le consul franvais du port de depart ou, ii d^'faut de 
■consul, par I'aiitoritd locale. 

I'our les navires otraiigers a destination de France, 
la i)atentc pent etre delivr^e par Tautorito locale; 
mais, dans ce c;is, elle doit Stre vis^c, d(VK m teneia; 
par le consul franvais. {Ai-t. 14 du rcglemeiii.) 

5" La patente de sante delivree au port de depart 
doit etre vis6e ii chaciiie escale que fait le navire et 
C0ii3erv6e ju.squ'au port de destination d6linitive. II 



GfixfiRAL DE rOLTCE SAXITATRE MARITIME. 

est du devoir du capitaine de ne jias s'en dessaisir; a 
cet cffet, si le navire fait escale. le consul frau(,ais du 
l)ort de relilche doit seuleiuent api)0ser sur la patente 
delivree au point de depart un vi.m rehitant I'ctat 
sanitaire de sa residence ; mais ni le consid ni I'au- 
torito locale n'ont le droit de retenir cette iiatente ni 
de la remplacer iiar une autre. {Art. 15 du rhjleyiiejit.) 

6" Un navire ne doit avoir qu'une seule patente de 
sante. (.Irl. 17 du rtijlement.) 

1° La patente de same n"cst valable que si elle a 6t6 
dolivree dans les quarante-hnit heures qui ont pre- 
cede le depart du navire. (Art. 18 du rrylemeut.) 

H" Le capitaine d'un navire dopuurvu de patente 
de sante, alors qu"a raison de sa provenance il de- 
vrait en etre muni, ou nyant unei)atente irreguliere, 
tonibe, a son arrivee dans un port franvais, .sous le 
coup de i'article 14 de la loi du 8 mars lS2".i, sans pre- 
judice de la quarantaine ii laquelle le navire pent 
etre assnjetti par le fait de sa provenance, ni des 
poursuites qui pourraient etre excretes en cas de 
fraude. (Art. V.^ du rtyleineiit.) 

!l° Pour les navires qui n'ont pas de m6decin, les 
renseigncnients relatifs ii Totat sanitaire et aux com- 
inunicatiuiis en mer sont recueillis jmr le capitaine et 
iiiscrits sur son livre de bord. {Art. 2i>du rtylement.) 
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tion. Nearly half the cases of small-pox (in the form of varioloid) detected 
at this port are first noticed by this passing- of the steerage passengers 
before the doctor. There is often a disposition on the part of the sick on 
shipboard to conceal their malady, if not severe, from the fear of being 
separated from friends, so that the detection of the disease by the board- 
ing officer is often the first intimation that the officers of the vessel have 
of its existence. 

If the bill of health, the log-book, and personal examination are satis- 
factory as to the condition of every person and thing on board, '•'■pratique " 
is given, and the vessel proceeds at once to the wharves. On the opposite 
page vpill be found the form of pratique given at the port of Nev^^ York. 

If, on the other hand, the bill of health is unsatisfactory, those meas- 
ures must be taken which will be detailed when speaking of the interdic- 
tions peculiar to each form of sickness. 

Perhaps at no part of this paper can I better consider the relations 
which steamers and sailing-vessels maintain to each other in dissemina- 
ting the germs of epidemics. For if, upon examination, it be found that 
the conditions prevailing upon steamers and sailing-vessels are different — 
that, for example, the facilities for transmission of cholera are increased 
in proportion to the rapidity of transportation and the greater number of 
individuals carried, and that in the case of steamers the receptivity of the 
vessel to yellow fever germs is modified, it follows that the quarantine 
regulations which should govern them respectively should also be adapted 
to their peculiar facilities for retarding the development of the germ in 
the one disease, and for facilitating its transmission in the other. 

First, steamers are far less liable than sailing-vessels to become in- 
fected with the germs of yellow fever. It is admitted by most writers 
that yellow fever is not contagious, or, if under certain conditions it be- 
comes so, it is so slight as not to require consideration in this connection. 
It is then transmitted from place to place by the vessel, the cargo, the 
baggage and effects of passengers and sailors. The conditions which 
would modify this receptivity in the two classes of vessels should there- 
fore be taken into account. Of the ways of transmission, the vessel itself 
plays the most important part. The germs of yellow fever increase with 
fearful rapidity where the conditions of filth, heat, and fermentation are in 
active operation. These are supplied in full measure in the hold of a ves- 
sel lying for weeks under a tropical sun, being loaded, as most of those 
coming from fever ports are, with crude sugar and melado. It is in the 
bilge of the vessel where this filth accumulates, and where the fever-germ 
revels in its propagation. The facilities for removing this filth and 
maintaining cleanliness are far greater on steamers than on sailing-ves- 
sels. In the former, in addition to the filth from the cargo, the oil and 
dirt from the machinery, the water from condensed steam, settle in the 
bilge, to remove which the steam-pump is brought into frequent use. Not 
only can the matters which accumulate there be readily pumped out, but 
clean water may from time to time be thrown in to remove more effectu- 
ally the filth, and preserve the vessel from disagreeable odors. On the 
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Port of New York, 
Tons, 



Arrived, 

Commander, 

Date of sailing, 
From 



Officers and crew. 



187 



f First Cabin, „ ^ 
Passengers : -J Second Cabin, y 
Steerage, J 

Cargo, . 



Consignee -j 
Health,. 



\ Vessel, 



Cargo, 



{Front). 



PORT OF NEW YORY. 
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Arrived, 

Commander, 

Days Passage,. 

From 

Crew, 



Passengers, _ 
Cargo, 



This Vessel has permission to proceed. 



Health Officer. 



|^"Thls PERMIT to be exhibited at the Office of 
THE Board of Health within twenty-four hours (Sun- 
days excepted) of your arrival at Dock, under the pen- 
alty of TWO HUNDRED DOLLARS. 



[See the other side.] 



{Reverse). 

THE CAPTAIN OR PERSON 

Having charge of tiir Vkssel named in this 
Permit is hereby notified to Land all Emigrant 
Passengers and their personal baggage on board 
this vessel, at the Dock or Pier adjoining Castle 
Garden on the west, and being part of Castle 
Garden, in the City of New York. 

A failure to comply with this notice will subject 
the Master and owners to a Penalty ov Fifty 
Dollars for each passenger or his or her personal 
baggage, landed at any other place. The law also 
prohibits (prior to the landing of the passengers), 
any Emigrant Runners, or other persons on behalf 
oc any Steamboat, Railroad, or other forwarding 
line or Company, or Emigrant Boarding-House, 
from coming on board. 

A violation of this law subjects the Master and 
Owners to a Penalty op Five Hundred Dol- 
lars, and any person except the Master, Owner 
or Consignee, who shall go on board the vessel 
before this Permit shall be delivered, shall be 
guilty of a misdemeanor, punishable by fine and 
imprisonment. 

Any person, also, who shall neglect or refuse to 
comply with any provision of the law relative to 
Quarantine, or with any direction or regulation 
which the Health Officer may prescribe in the 
execution of the powers imposed and conferred 
upon him by law, shall be guilty of the like 
offence, and subject to the like punishment. 
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other hand, in sailing-vessels all pumping must be done by hand, and is 
just so much less effectual and imperfectly performed; consequently, in 
the same proportion is the vessel liable to convey the morbid germs. 

Again, steamers, in most instances, belong to lines which run at regu- 
lar intervals, remaining in port but a few days, as the cargo is already 
engaged by regular consignees. Sailing-vessels, on the other hand, 
often lie for weeks in an infected port, under a tropical sun, and their 
officers are too often indifferent to the hygienic conditions of the vessel 
and crew, until the vessel becomes a pest-house of sickness; or, if the oc- 
cupants escape while still in port, the germs remain in the bilge, and yel- 
low fever breaks out later — the length of the voyage, a fermentable cargo, 
a dark and heated hold, all favoring the development of the disease. 

As just intimated, the length of time occupied by the voyage is a de- 
cided element in favor of steamers, in lessening the opportunity for the 
development of the germ; for, as I shall show when speaking of the 
measures proper to repress yellow fever, I regard it of the highest 
moment that vessels should be discharged as soon as they enter port. 
Steamers also possess the appliances for forced^ventilation, and currents 
of air may thus be kept circulating throughout mie vessel, a condition un- 
favorable for germ-propagation. Experience of 'some years has, I think, 
shown that steamers rarely become "infected." While not unfrequently 
they reach this port with sick persons, it will usually be found that these 
individuals came on board during the incubative period of the disease, 
having contracted it while on land. 

The average duration of the trip of a sailing-vessel extends in most 
cases far beyond the period of incubation, and tlie cases of sickness she 
brings to port must be regarded as deriving their origin from the vessel. 

While as a precautionary measure both must discharge in quarantine, 
the deduction is a fair one that far less danger of importing the disease is 
to be ascribed to the steamer than to the sailiTig-vessel, and that measures 
of cleanliness and disinfection should be more thoroughly carried out on 
the latter. It may also be added that the facilities of cleaning with steam- 
pumps, after discharge of the cargo, are manifestly also in favor of the 
steamer. It is also a proper question to consider whether an iron vessel 
would be as likely to become infected as one of wood, where the satura- 
tion of the latter would be another element in the fermentative or decom- 
posing process. 

While, then, I regard steamers as exerting a favorable sanitary influ- 
ence in the prevention of the transmission of yellow fever, as compared 
with sailing-vessels, their relation to the transmission of cholera is the 
reverse. This latter disease is transmitted primarily by the individual, 
and not, as in yellow fever, wholly by the surroundings. Whatever, there- 
fore, favors the rapid intercommunication of people, favors to just that 
extent the dissemination of the propagating element of cholera. Since 
the introduction of sea-going steamers, cholera has appeared almost simul- 
taneously in the different portions of Europe. So long as its presence is 
limited to the caravans on the steppes, or to the thronging crowds of pil- 
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grims at Mecca, little danger exists of its rapid dissemination. When, 
however, these pilgrims crowd the sea-shore, every steamer — it ma^- be 
every pilgrim — is a focus for its dissemination along the shores of the 
Mediterranean. Fortunately, however, for this country, the very means 
which favor the spread of the disease can also be used for its repression. 
The principle which some of the governments of Europe are so happily 
bringing into practical application, that of jugulating it in its place of in- 
ception on land, can equally be employed on steamers. 

The common sailor is so much a fatalist, so accustomed to passive sub- 
mission to the will of his superiors, that when sickness occurs he looks 
around but little for means of repression ; and the officers are not much 
better informed of their ability in tiiis particular. There is, however, in 
th(! organization of a steamer a perfect miniature of a community on 
shore, with active agencies and appliances. Officers on such .vessels 
should be made to realize that duty is not limited to the cure of those 
who are at the moment frick, but that active preventive measures are 
within their reach. The disease is propagated by the individual ; there- 
fore isolate promptly tiie suspected and sick ; disinfect the discharges 
while they are still inert (for, fortunately, we know that the choleraic dis- 
charge is characterized by a period of inertness) ; maintain absolute 
cleanliness in person and clothing, not only of the sick, but also of the 
attendants, and the disease may be stamped out before the steamer reaches 
her destined port. Reaching the port, it becomes then the problem of 
sanitary officers to limit its presence to the isolated community which has 
been the vehicle of transmission. 

It remains now for us to consider separately each of the diseases sub- 
ject to quarantine, with a view to determining the repressive measures 
proper with regard to each. The adaptation of these measures to the re- 
quirements of every emergency and every locality rests upon a simple 
principle, viz., to keep clearly before the mind the modes of fransmlssion, 
together with the incubative period of each form of epidemic — in a word, 
to be thoroughly familiar with the natural history of the disease. Studied 
from this standpoint, quarantine requires no arbitrary rules or formuhe. 
The repressive measures for each malady must be founded upon its own 
manifestations ; and so, too, the proper course to pursue in the case of 
each vessel must be decided by the particular features of its exposure. 
From this standpoint too we obtain what is so much talked about, but so 
little understood, viz., a " uniform system " of quarantine, the principle 
being uniform, varied though it may be by latitude and particular features 
of locality. 

In this country the scourge against which we are most commonly 
called to contend is j'^ellow fever, since it has become a yearly visitant to 
some part of our extensive seaboard. Nor is this strange. The commer- 
cial relations which exist between all the Atlantic and Gulf ports — par- 
ticularly that of New York and the places of its endemicite in the West 
Indies, are so constant and extensive, that its transmission to one or the 
other of these ports is an event of almost daily occurrence. PVom the 
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first or middle of June until the middle of October, yellow fever is rarely 
absent from the hospital in this harbor. 

Conveyed, as it is, chiefly in sailing-vessels, the crews of which usually 
number from eight to ten men each, the disease is rarely represented in 
liospital at any one time by more than two or three patients. During the 
past summer, a period of three days did not elapse without the presence 
of the disease. Despite this condition, no delays or impediments were 
imposed on commerce, and vessels bringing sickness, as well as those from 
infected ports, were in most instances returned to commerce sooner than 
if they had proceeded at once to the city, with free pratique, and had dis- 
charged their cargoes with the delays incident to dockage, stevedores, etc. 

The practical measures adopted are, as already stated, founded upon 
the period of incubation and the modes of transmission of the disease. 
The pcactical limit fixed for the former is five days. Many cases appear 
in a shorter time than this after exposure, while it is very rare that the 
incubative stage can be definitely fixed as of longer duration. I^et me 
first consider what measures are proper to be taken with reference to 
passengers. 

A vessel leaving an infected port requires a variable time of from two 
five days to reach one of our many seaports. The period of incubation of 
the disease is allowed to date from the time of departure of the vessel 
from the infected port. It may safely be assumed that the passengers are 
apparently well when they come on board, for if the fever has seized them 
they are usually too ill to move about; or, if they are slightly ill, the 
masters of vessels will, for their own protection, forbid their coming on 
board. 

On the arrival of the vessel at quarantine, examination is made of each 
passenger, their baggage opened, placed in a closed room, and thoroughly 
fumigated. If at the expiration of five days after leaving an infected port 
no case of sickness has occurred, ^9rrt</<7i<e is given the passengers and bag- 
gage, and they are sent on a steamboat to the city. Although thousands 
of passengers have arrived from infected ports at the port of New York 
during the past seven years, no case of fever has ever appeared after 
pratique has been given. 

If, however, a case of fever has occurred during the passage, it does 
not of necessity preclude the discharge of the remainder at the expiration 
of five days. A careful enquiry is instituted with reference to the pre- 
vious history of the individual — the length of time which elapsed after 
coming on board before he was taken sick, to determine whether the dis- 
ease was contracted before or after this period. If, as is ordinarily the 
case, it dates previous to his coming on the vessel, the remaining passen- 
gers are not detained beyond the five days. Another circumstance in this 
connection should be noted. During the summer months the great pro- 
portion of passengers arriving are acclimated or native Cubans. From 
these no danger is to be apprehended, which lessens to just that extent 
tlie number of those requiring a rigid examination. 

If, on the other hand, it appears probable that the disease was con- 
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tracted on the vessel, the passengers should be removed to the quarantine 
for observation ; baggage of all kinds should be thoroughly aired and dis- 
infected; if there be any soiled articles, they must be washed before they 
are removed from the vessel; and if, at the expiration of five days from 
the appearance of the last case, no new cases of sickness occur, the 
passengers may be discharged. All this work, as indeed everything con- 
nected with the discharge and purification of vessels, passengers, etc., 
in quarantine, should be carried on some distance from the main shore, 
either on islands or on hulks of vessels prepared for the purpose. The 
experience of the epidemic of yellow fever at St. Nazaire, France, showed 
clearly that the germs of the disease are wafted but limited distances by 
the air, and that whenever the epidemic has reached th% main-land from 
vessels lying at some distance, it has been from infected articles which 
have floated to the beach, rather than by air-currents. 

Should it be necessary to perform the operations just alluded to on the 
main-land, no certain immunity can be assured to the neighboring popula- 
tions. The filth which accumulates about docks, and the almost invariable 
proximity of low and marshy soils, afford a nidus from which the germs 
will most certainly, under favorable influences of temperature, spread to 
the centres of population. 

The next care is for the vessel. As has been stated, I consider the 
danger from the receptivity to the poison to be far less on steamers than 
on sailing-vessels; still the necessity of protection to the community, and 
the little additional expense attending the measures adopted, have induced 
me thus far to treat both classes alike, so far, at least, as relates to dis- 
charging in quarantine. Steamers, however, are allowed to commence this 
discharge as soon as passengers have left, while sailing-vessels must un- 
dergo a preliminary purification. 

Steamers, before proceeding to the lighterage ground to discharge, are 
fumigated at least twice in every attainable part of the vessel. I have, 
however, during the past season, made a further exception in the case of 
steamers having mixed cargoes from non-infected and infected ports, the 
cargo from non-infected ports having been taken on first. Fooling assured 
that no germs could exist in the bilge — their favorite nidus on sailing-ves- 
sels — because it is of necessity cleansed once or twice in twenty-four hours, 
by first pumping in clean water and then pumping the whole out again, 1 
have discharged in quarantine that portion of the cargo which came from 
infected ports, and allowed the remainder to go to the dock in the city. 
Here too the nature of the cargo Avould influence my action. In the cases 
alluded to it consisted either of new hard-baled hemp or tobacco, neither 
of which, unless under peculiar circumstances, would be vehicles for trans- 
mission. 

Sailing-vessels on their arrival remain from twenty-four to forty-eight 
hours at the boarding station, according to the cleanliness of the vessel 
and her record during the voyage. This time is occupied as follows: 
the hatches are opened and everything possible is done to allow the lar- 
gest ventilation. The cabins, quarters of the men, and every part which 
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can be reached, are thoroughly scrubbed, fumigated, and disinfected. All 
clothing and dunnage are washed and hung out to dry. When this has been 
satisfactorily performed, the vessel is immediately sent to the discharging 
ground. No time is wasted for a specific detention at quarantine. If the 
vessel is infected, the sooner the discharge is completed, the less probabil- 
ity is there of its gaining in intensity, and the sooner can the hold be 
reached to clean and disinfect. I never could understand the object of a 
detention for a period longer than is necessary to effect the cleanliness 
and aeration of such parts of the vessel as could be readily reached. That 
completed, remove at once the cargo, so that the cleansing and disinfec- 
tion can be carried to all parts. 

All that we l^now of the yellow fever germ teaches us that it propa- 
gates with the greatest rapidity whenever the elements of heat, moisture, 
fermentation, and no circulation of air are present. These elements are 
eminently combined in vessels coming from the tropics. Their cargo is 
sugar or melado; they are put on board under a tropical sun; both are 
dirty cargoes, and more or less leakage goes on into the bilge; the hatches, 
too, are tightly battened. If the germs are on the vessel, can there be 
conditions more favorable than these for their active increase ? Experi- 
ence daily teaches us that on such vessels, should the voyage be pro- 
longed, cases of sickness follow each other in rapid succession until the 
vessel becomes a very pest-house; whereas, if the voyage is completed in 
eight or ten days, we find the sickness breaking out but a day or two be- 
fore entering port, where prompt measures put a stop to its further prog- 
ress. The longer such a vessel is allowed to remain untouched, i. e., the 
longer a quarantine is exacted, the greater will be the virulence of the 
disease, and the greater the danger of spreading the infection. The 
epidemic Avhich appeared at Bay Ridge, Long Island, some years since, 
was undoubtedly due to this cause. Vessels were strung along the Long 
Island shore to ride out a specific quarantine, until the whole fleet was 
thoroughly infected, and the disease passed readily to the main-land. It 
is this practice of detention which in the past has contravened the in- 
terests of shipping and commercial men and has kept up a chronic war- 
fare between merchants and quarantine. The material injury which results 
from detaining cargoes and vessels so long from active circulation has. 
done irreparable injury to many a shipping port. It is, therefore, a mat- 
ter of congratulation that the action which recognizes the protection of 
the public health also favors the activity of shipping and commercial 
enterprises. Simple and self-evident as this course appears, when we 
reason in the abstract, the greatest difficulty is often experienced in put- 
ting it into actual operation. The panic and fear prevalent on the ap- 
proach of an epidemic are too apt to override all careful deductions, and 
restrictive and repressive measures are adopted which in reality add to 
the threatened danger. It would seem that the action taken at this port 
with such happy results should encourage decision in others. 

The discharge of the vessel should then go on at the earliest moment 
after the preliminary purification. The manner in which this is to be per- 
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formed I regard as the most important step in the prevention and obstruc- 
tion of the spread of the germs of yellow fever to the centres of popula- 
tion. The experience of many years at this port — and in this I am con- 
firmed by the observations of the St. Nazaire epidemic in 1862, and others 
in Spain and Portugal — has led to the conclusion that little danger of 
transmission arises from the cargo projijer. The clothing and effects of 
the individual, and the dark recesses of the hold, are the favorite lurking- 
places of the poison. 

In the case of the city of New York, the vessel is sent to the upper 
hay for the purpose of discharging the cargo, the spot being nearly two 
miles distant from the nearest shore, where the bay is five or six miles 
wide. The crew of the vessel is usually discharged before the cargo is 
broken. Stevedores, coopers, and all who work in the hold at this dis- 
charge, reside in hulks anchored near by, and are not allowed to return to 
the city until a period of five days has elapsed since they worked on a 
suspected vessel. The cargo is swung upon open lighters and then car- 
ried to storehouses about three miles distant. No special precaution is 
exacted by the lightermen, except that they are not allowed to go on the 
vessel which is being unladen; nor is the cargo subjected to any restric- 
tions concerning the warehousing. During the discharge of the cargo,, 
fumigations with chlorine should be made once or twice daily. 

The vessel once emptied of her cargo, the process of purification be- 
gins. With steamers this is comparatively speedy and easy of accom- 
accomplishment. A fire-hose is attached to the force-pump, carried to the 
hold, and a full head of water thrown into every part of it; at the same 
time men are set to work with scrub-brooms, who work until eveiy por- 
tion has been scrubbed and is as clean as a housewife's kitchen. A dis- 
charge-pump is kept working at the same time, and the water is poured 
in, not only until thorough scrubbing is completed, but until the dis- 
ciiarge-water is as clean as that which enters. Hatches are left off, ports 
are opened, and the fullest airing is given until the vessel is dry; then 
everything is closed, and fumigation is started in every part of the vessel. 

Pratique is then given, and the vessel returns to commerce. 

With sailing-vessels the process of purification is slower, on account 
of the absence of the steam-pump. It is often found advisable to have a 
tug-boat lie alongside, so that use may be made of its force-pump and 
hose in the same manner as on a steamer. The subsequent measures to be 
carried out are the same in both kinds of vessels. In other cases dependence 
must be placed upon the ordinary hand deck-pump; the purification and 
cleansing, though occupying a longer time, can be made equally effective. 
I place far more reliance upon the liberal use of water, the scrubbing 
until the vessel is absolutely clean, the pouring out of clean water from 
the bilge, than upon any process of mere disinfection and fumigation. 

These measures, which are simple and easy of application, are, I be- 
lieve, when thoroughly carried out, perfectly efficient; yet there seems to 
be a disposition among some to substitute for them more complicated 
methods, in the belief that the yellow fever germ possesses a peculiar 
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tenacity of life, and that consequently peculiar and mysterious agencies 
must be used to eradicate it. On the one hand are numberless patent 
compounds, said to contain some marvellous admixture the very presence 
of which in the hold of a vessel will destroy the vitality of germs. These 
compounds must be applied by aid of some patent machine, which is also 
essential to their efficacy. In my judgment all such preparations and 
machines are worse than useless; for, not only are they inefficacious for 
the purpose intended, but they beget a false confidence, which causes the 
neglect of that most important of all disinfectants, absolute cleanliness. 
Disinfectants, fumigations, and all that class of measures, should be re- 
garded merely as adjuvants, useful for the purpose of reaching portions 
of the vessel which in the process of cleaning may possibly have been 
overlooked, or where the cleansing could not have been absolutely 
thorough. I am not aware that chemistry presents any two articles 
more readily applied, more rapid of generation, or possessed of greater 
oxidizing and ])ermeating properties, than sulphurous acid gas and 
chlorine. 

While all such work must be thorough, we should not lose sight of the 
economical feature in the process. A method of purification, which may 
be unobjectionable in principle, may also be so expensive, and so compli- 
cated in application as to cause a tax which no commerce could sustain, 
and which would practically work its entire obstruction. So, while I rec- 
ognize the efficiency of steam, great heat, or intense cold, as agents which 
all attain with certainty the desired result, I recognize also that their 
practical application is enormously expensive, requiring complicated ma- 
chinery and a corps of skilled men, and does not ensure results that are 
better or more certain than those attained by the more simple processes. 

T am fortified by a long experience, and by the fact that from the 
worst infected vessels no unpleasant consequences have followed where the 
simple process of aeration, cleaning, fumigation and disinfection have been 
thorough. What I have said with regard to fumigation also applies to 
disinfection. No elaborate or expensive machine, no high-priced or secret 
compounds are needed. A solution of sulphate of iron — a pound to the 
gallon of water, combined with carbolic acid of twenty per cent, strength, 
thoroughly applied with a co:nmon watering-pot, will meet every contin- 
gency. 

Cholera, transmitted primarily by the individual, and secondarily 
only by his surroundings, calls for a different series of preventive meas- 
ures. Appropriate restrictions have occupied the different countries of 
Europe far more than our own. They are situate much nearer the seat of 
endemicite, and have not the broad expanse of water which we have lying 
between them and its source. While the same principles of contraven- 
tion apply equally to our ports against the introduction and limitation of 
the scourge, we have also an additional element of safety in the measures 
of repression which should be employed on the vessel itself while in the 
period of transit. 
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It is hardly necessary to say that preventive measures are far more diffi- 
cult of general application than in yellow fever. Each individual attacked 
becomes in himself a foyer for the spread of the epidemic. It is unreason- 
able to suppose that, with our immense extent of seaboard, and with the 
different and in most instances lax sanitary reg-ulations which prevail in 
the ports, the disease, if prevalent in the Old World, shall not find an en- 
trance here. Still, on closer observation, it will be seen that but a limited 
number of these ports require rigid inspection. The different ports 
of Canada, Boston, New York, Philadelphia, Baltimore, and New Orleans 
are the ones to which the principal passenger traffic is directed. If the 
disease be thoroughly excluded from these, there is comparatively little to 
be apprehended from the other ports. Another element of difficulty 
stands in the way of its prevention, viz., that, of all the importable dis- 
eases, cholera is the one whose dangers are not limited to certain 
climates, seasons, and localities. It has none of the remarkable affinities 
of yellow fever for this or that district or this or that latitude, for there 
is no portion of the globe which has shown itself refractory to its 
propagation. 

Again, in its mode of propagation and diffusion, cholera does not 
show that peculiar disposition, characteristic of yellow fever, to limit itself 
to maritime ports and large centres of population. It passes in every 
direction where man circulates; and every clioleraic stool discharged along 
the line of a railroad, however far removed it may be from the place where 
the disease is prevailing, becomes a centre for diffusing the poison. Not- 
withstanding all these unfavorable conditions, measures of prevention, if 
intelligently applied, are not as difficult as would at first sight aj^pear. 
To be effectual they must, however, be systematized before the disease 
gains access to the shores. Once it has found lodgement in a community, 
nothing remains but to carry out the most rigid measures of general hy- 
giene, with special methods of disinfection and purification applied to each 
particular case. 

The position of this country with reference to Europe allows the ap- 
plication of the same principles of prevention which Europe now so effi- 
ciently uses at the places of propagation of cholera. There it is almost 
wholly transported by the caravans of pilgrims, which can be kept under 
surveillance during their slow transit ; in the case of this country, how- 
ever, it must come by passenger-steamers, which for the time being are 
isolated communities, which can be kept under observation during transit, 
and in which, should disease appear, it could be stamped out before reach- 
ing our shores. Medical officers are now upon all steamers that carry 
passengers. They should understand that their professional obligations 
are not limited to the treatment of the sick which may fall to their care, 
but, on the appearance of any epidemic or contagious disease, their whole 
efforts should be directed to its sup])ression. Isolation, purification, and 
disinfection are all at their command. p]ach vessel carrying steerage 
passengers has, in addition to the rooms appropriated to general hospital 
purposes, another for quarantinable diseases. 
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Desirable as all tliese measures may be with reference to eliolera, ex- 
perience has shown that they cannot be relied on, and that provision must 
be made for the repression of the disease after its arrival in port. A ves- 
sel arriving with sickness should be treated as follows : The sick should be 
sent to hospital ; all other passengers should be taken from the ship and 
sent to the "quarantine of observation." It is essential that the vessel be 
cleared of all on board but the crew; all clothing, bedding, furniture, and 
rooms should first be disinfected and then washed. When the vessel has 
been detained sufficiently long for this rigid cleansing, and also to deter- 
mine whether any of the crew will become victims, she may g'o at once to 
dock for discharge. Neither the vessel nor the cargo proper would be 
likely to convey the infection if all parts occupied by crew and passen-: 
gers had been rendered safe. 

A rigid quarantine should be maintained over those in hospital as well 
as over those under observation. In the case of the former the discharges 
should pass into some disinfecting fluid ; soiled bedding, garments, cloths 
of every kind should be thrown into a shnilar fluid, or subjected to super- 
heated steam before being washed. Attendants should frequently wash 
their hands, and promptly remove stained clothing. 

Those placed at the "quarantine of observation" should have a medi- 
cal officer constantly in attendance. At the first appearance of a choleraic 
discharge from any of the nmnber, such person must be immediately re- 
moved to the hospital. The same rules of cleanliness and disinfection 
should prevail here as at the hospital. When a period of four or five 
days has elapsed without the appearance of any new cases at the " quaran- 
tine of observation," the passengers and baggage may have iwatique. 
Every article of clothing should be absolutely clean before leaving. 

The scope of this article does not call for a recital of the therapeutic 
measures adopted for the treatment of yellow fever or cholera, simply 
those which are repressive, and which prevent a further transmission. 

Ship fever, as a quarantinable disease, is probably a memory of the 
past. It is hardly probable that a conjunction of circumstances will again 
arise such as favored its development some twenty-five years since. Emi- 
grants then reached this country wholly in sailing-ships, oftentimes after 
passages of sixty and eighty days. A large proportion were at that time 
Irish, who fled from their homes the victims of suffering and famine. A 
system exhausted and depressed, the close confinement in filthy and 
dirty steerages, the poor character of food and cooking — all combined, 
brought, as a natural result, the inevitable scourge of typhus or ship fever. 
All this is totally changed, and the disease, so far as quarantine is con- 
cerned, is mythical. Should it make its appearance, the same disposition 
of the vessel, the well, and the sick, should be made as in cholera: the same 
rules of cleanliness and ablution should be observed. In the case of ship 
fever, however, the sick should be as much as possible isolated, and the lar- 
gest air-space allowed, with constant interchange of air. Indeed, should 
the season permit, tent hospitals are far preferable to permanent ones. 
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The contagion of typhus exhales but a short distance from the patient, 
and, more than in any other contagious disease, is dissipated by cleanli- 
ness and free interchange of air. 

A vessel arriving with small-pox rarely requires a longer detention 
than is necessary for the vaccination of those who have been exposed. 
AVhen the disease occurs on passenger-ships, the case is to be promptly 
isolated, and if vaccination then be resorted to, no further cases, in my ex- 
perience, will occur. Where the disease occurs on a sailing-vessel, it not 
unfrequently occurs that no effort at isolation is made. Detention is 
therefore necessary, not only for thorough cleaning and purification of the 
vessel, but also for the purpose of ascertaining the results. of vaccination 
in the crew. Of course the case or cases of small-pox should at once be 
sent to the appropriate hospital. 

The foregoing considerations are deemed sufficiently explicit and simple 
to meet any and every contingency. Success will depend upon the faith- 
ful application of the measures directed. The executive officer must, in 
every instance, give his personal undivided attention to the details in- 
volved. Indifference and inefficiency are the causes which have brought 
opprobrium upon the system, causing communities to rest in a fancied 
security until the pestilence was in their midst. On the other hand, the 
contravention connected with quarantine should not lessen the activity 
of all local hygienic measures in a threatened community. The two 
classes of measures should be regarded as inseparably allied; the more 
perfect the hygienic condition of a locality, the less will be its receptivity 
to disease germs ; or, should they gain an access, the more feeble will be 
the intensity and persistence of the disease. 

Finally, bring to the consideration of subjects connected with quaran- 
tine the same principles of action which govern one in the daily affairs of 
life: determine first every possible circumstance connected with the incu- 
bation and mode of propagation of an epidemic, and contravene it by 
measures specially adapted to the special form of disease. 
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I'S the consideration of this subject reference is had to yellow fever 
and cholera solely. Though small-pox and typhus are included in the 
scope of maritime quarantine, there is no danger that either would gain 
much headway in any well-regulated connnunity, and the plans of inter- 
nal quarantine about to be described would not be well adapted to their 
repression. 

It is presumed that no one would assert the local origin of cholera in 
any part of this country, but we must observe that there are in New 
Orleans numerous adherents to the belief that yellow fever, whatever may 
have been its place of nativity, has there acquired a permanent abode, 
and needs no new introduction of specific infection to attain epidemic 
proportions. Some even go so far as to maintain that the prevalence of 
this fever in any place is due to " certain local conditions," but these con- 
ditions have never been defined, beyond rather vague allusions to accu- 
mulations of foul organic matters, and therefore they are in reality quite 
wicertahi. 

If there be any good ground for the indictment against filth, the fever 
should always spring up, and mostly rage, in foul localities, but such is 
not the fact; also in these localities the fever ought to prevail every 
season, but it is not so found. On the contrary, it may be affirmed that 
every outbreak of yellow fever, whether at New Orleans or elsewhere 
in this country, is directly or remotely traceable to other cases of the 
same disease, occurring in some region not visited by frost. The fact 
that the chain of evidence is sometimes incomplete, only indicates im- 
perfection of research, and does not even establish an exception to the 
rule. 

Here it must be observed that I do not deny the occasional hiberna- 
tion of yellow fever infection in New Orleans, and possibly other places 
in the United States, in case of an exceptionally mild winter. This seems 
to have been the case as regards the existence of yellow fever at New 
Orleans in 1870, 1872, 187-i, and 187G; but, though such investigation as 
could be made by the health authorities failed to establish a chain of 
connection with foreign infection, the question is not logically settled. 

For observe: previous to the governor's proclamation, establishing 
quarantine against certain named ports, generally taking effect early in 
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May, vessels having- bad no sickness aboard, tbough coming from ports 
where yellow fever usually prevails, have not been subjected to fumiga- 
tion nor detention beyond tlie time necessary for inspection. Thus might 
be introduced, without any disinfection, a cargo from a port infected by 
yellow fever, at a time of the year when a summer temperature exists in 
New Orleans. True, no early or violent outbreak occurs — perhaps none 
at all; but those who hold that yellow fever has become domesticated 
among us must not find fault with prolonged latency of the infection, and 
we should reasonably grant to it a ineasure of the uncertainty which is 
universally attributed to scarlet fever. 

Again, the theory of " local origin " fails to explain the total absence 
of yellow fever in New Orleans during particular years. For instance, no 
deaths are assigned to this disease in 1861. The winter preceding 18G1 
was severe, and from the month of April a strict quarantine was enforced 
by the Federal blockade at the mouth of the river and the other ap- 
proaches by sea. In 1877, after a severe winter, the only case of yellow 
fever was a passenger on a steamer from Havana, who succeeded in pass- 
ing the quarantine inspection, being a walking case. Now, though the 
sanitary condition of the city is said to have been exceptionally good dur- 
ing Federal occupation in 18G2, '63, '64, and '65, yet all efforts, sustained 
by military authority, did not keep New Orleans free of yellow fever in 
those years; though only eleven cases among the civil population are 
accredited to the four years, about 100 cases occurred in the U. S. " river 
fleet " in 1863, and 300 cases on the U. S. gunboats and " river fleet " in 
1864. The civil cases of 1862 are said to have been imported, and it is 
altogether probable that the fever in each of these years was of foreign 
origin. The year 1876 was marked by a very limited local epidemic of 
the fever, the origin of which was not traced to a foreign source, and it 
is to be observed that the preceding winter was unusually mild. The 
next winter was severe, and in 1877 no case of yellow fever was devel- 
oped in the city. The only discoverable difference in local conditions be- 
tween 1876 amd 1877 was that of temperature during the preceding win- 
ters. 

It appears, therefore, that temperature is the only real and efficient 
constituent in the much-talked-of " local conditions " governing yellow 
fever, and this is effectually eliminated in regions visited by a killing 
frost. The whole theory of "local conditions" rests upon the unfortu- 
nate fact that a few localities of the United States, particularly New 
Orleans, are not annually visited by frost severe enough to kill such tropi- 
cal vegetation as the banana plant, and presumably such living matter as 
the specific infection of yellow fever. It is significant that this theory is 
not now invoked where ice annually occurs, and that New Orleans en- 
joys almost a monopoly of the peculiar " local conditions " which preside 
over yellow fever. 

But evidence to the same conclusion, and of more positive nature, is 
afforded by the investigations of the Yellow Fever Commission, made 
during the progress of the epidemic of 1878. They say: "We have not, 
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in a solitary instance, found a case of yellow fever, which we could justi- 
fiably consider as of de novo origin, or indigenous to its locality. . . . 
Quarantines established with such a degree of surveillance and rigor, that 
absolute non-intercourse is the result, have effectually, and without ex- 
ception, protected those quarantined from attacks of yellow fever." It 
appears, therefore, that these absolute quarantines must either have ex- 
cluded the specific infection of the fever, or suppressed the " peculiar lo- 
cal conditions " Avhich create the disease de )>ovo / for the doctrine of 
chances would not admit such astonishing coincidences. 

Thus much has been written in order to show my belief that this fever 
is an exotic disease, and that every reasonable effort ought to be used to 
exclude it from our shores. If the idea of its domestication in this coun- 
try, or that of its dependence on local conditions be admitted, external 
quarantine is a useless encumbrance, and inland quarantine deserves not 
a moment's consideration. 

Self-preservation is a law of universal prevalence. Among mankind 
this law is strikingly exemplified in measures adopted to prevent the in- 
troduction of pestilential diseases from infected localities. The lessons 
of the yellow fever epidemic of 1878 in the United States are so recent 
and so ample, that they will chiefiy be used to illustrate the subject at 
the head of this chapter, and to decide upon the propriety and success of 
the measure, and how it should be modified. 

Toward the end of July, when it became apparent that the disease 
was likely to assume an epidemic form in New Orleans and to extend its 
ravages to other points, all communities in direct communication were 
deeply moved, and there was a spontaneous and general effort to keep 
the invader from their doors. It is safe to say that those communities 
Avhich did not adopt repressive measures Avere mostly actuated by a con- 
viction that they enjoyed, for some reason, an exemption from liability; 
possibly some resigned themselves to an inevitable fate, believing the in- 
fection free as the wind which " bloweth where it listeth." 

The investigations of the Yellow Fever Commission, under direction 
of Dr. John M. Woodworth, Surgeon-General of U. S. Marine Hospital 
Service, supply most of the facts used for illustration of this subject. 
Numerous c<)mmuniti(;s, chiefly cities and towns, on routes of travel 
connected with infected places, adopted such plans of non-intercourse as 
they supposed to be required by their situation, which were executed 
with various degrees of rigor and success. For the sake of convenience 
they will be classified as follows, and considered in the same order: (1), 
Those places which exercised quarantine against infected localities and 
escaped yellow fever; (2), those which established quarantine and were 
severely scourged; (3), those which quarantined and were visited late or 
lightly; (4), those which dispensed with quarantine and suffered; (5), 
those which dispensed with quarantine and escaped. 

(1). In Louisiana, under this head may be reckoned, on the line of 
Morgan's Louisiana and Texas Railroad, all the stations, commencing 
eiMiteen miles from New Orleans, this side of Morgan City ; thence on 
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the steamboat and stage route beyond, as far as Washington, 208 miles 
from the city — twenty-nine places in all quarantined, and all escaping, 
except six ; on the New Orleans and Mobile Railroad, the stations beyond 
Scranton ; also Bayou Sara, on the Mississippi River. The following 
towns extended their restrictions even to the mails (those marked thus * 
excluding only second- and third-class matter — the others all) : Albemarle, 
Abbeville, Clinton, Franklin, New Iberia, Vidalia,* Waterproof ;* also 
the following entire parishes (corresponding to counties in other States): 
Bossier, Bienville, Calcasieu,* Cameron,* Caddo, Caldwell, Claiborne, 
West Carroll, Franklin, Jacksonj, Lafayette, Morehouse, Ouachita, St. 
Landry,* St. Martin,* Union, Vermillion, Webster. 

In Alabama are included all the stations on the New Orleans and 
Mobile Railroad and most places in the central portion of the State. 
The New Orleans mails were excluded by the following places : Bethel, 
Birmingham,* Cahaba, Central Mills, Cambridge, Chfton, Dumas' Store, 
King's Landing, Lower Peach Tree, Vaush Creek, Orrville, Pine Hill, 
Prairie Bluff, Selma, Summerfield. 

In Mississippi all the stations on the New Orleans, St. Louis and Chi- 
cago Railroad, except Grenada, Holly Springs, and a few unimportant 
places, enforced quarantine (forty-two in all), and all escaped except nine. 
To these are to be added Brandon and all Rankin County ; Clinton, Cold 
Water, Columbus, Duck Port, Leoto Landing, Moss Point, Pascagoula 
Beach, Natchez, Raymond, Rodney, Sardis, Waterford, and most towns 
on the Mobile and Ohio Railroad. 

In Tennessee and Kentucky, along the Northern Central, St. Louis and 
Chicago Railroad, quarantine against infected towns was enforced by 
nearly all the important points, thirteen in all, of which three were visited 
by yellow fever. 

The following places in Mississippi excluded the New Orleans mails : 
Brandon,* Brunswick, Calvert Store, Fannin,* Fort Stevens, Forest 
Home, Goodman, Goshen Springs,* Hurricane Creek, Herbert, Midway, 
Mountain Creek, Pelahatchie,* Pearlington,* Philadeljohia, Peter's Land- 
ing, Rio, Rushing's Store, Shubuta, Steen's Creek,* Tunnell Hill, Why 
Not, Woodville ; * also the following counties : Bolivar, Issaqueena, 
Sharkey, Tunica, Wilkinson. 

All post-offices in Arkansas and Texas refused the New Orleans mails. 
Yellow fever reached four points in Arkansas, and none in Texas. 

(2). Quarantine failed in the following towns of Louisiana, which were 
severely scourged by yellow fever: Allemands Station, Berwick City, La 
Fourche Crossing, Morgan City, Baton Rouge, Delhi, Delta, Labadieville, 
Napoleonville, Paincourtville, Thibodaux, Tangipahoa. The following 
parishes excluded the New Orleans mails, but not effectually the fever: 
Catahoula (fever at Harrisonburg, as seen hereafter). East Carroll (fever 
at Henderson), Madison (fever at Delta), Richland (fever at Delhi); also 
the town of Port Hudson, on the Mississippi. Morgan City is a railroad 
terminus and the port of the Texas steamers. The quarantine was scarcely 
more than nominal, and the fever appeared Aug. 17th, being traced to a 
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sailor from New Orleans. Trains ran through to that city most of the 
time. At Berwick City (opposite Morgan City) the first case occurred 
Sept. 27th, and at La Fourche Crossing (a station on the railroad be- 
tween New Orleans and Morgan City) Sept. 12th, showing a delay of 
more than six weeks, probably attributable to quarantine. At Napoleon- 
ville the infection was traced to goods from New Orleans, and at Pain- 
courtville those first attacked had visited infected localities. The quar- 
antine at Baton Rouge was suspended, to allow the Democratic State 
Convention to be held there, and the fever appeared there Aug. 10th, a 
few days afterward. Delta is opposite Vicksburg, and quarantined 
against the latter place Aug. 25th, two days after w^hich a case appeared 
at the former. Delhi is a small railroad town between Delta and Mon- 
roe, and a case of yellow fever occurred there Aug. 11th, two weeks be- 
fore Delta quarantined against Vicksburg, in the person of a man from 
Vicksburg, who had boarded in an infected part of that town. The next 
cases were attendants on this person. At Thibodaux the quarantine is 
said to have been merely nominal. At Tangipahoa the introduction of the 
fever was attributed to three railroad employes from New Orleans, and 
the first case among the inhabitants occurred Sept. 1st. At Labadieville 
the infection was traced to goods from New Orleans, and the first case in 
that region occurred in the neighborhood of the town, outside its limits. 
It is easy to account for the fever at the above places through defect of 
the quarantine. 

In Mississippi, under this head belong Bolton, Canton, Greenville, 
.Tackson, Lake, Lebanon, Meridian, McComb City, Osyka, Ocean Springs, 
Port Gibson, Rocky Springs, Vicksburg, and Water Valley. The follow- 
ing counties and towns excluded the New Orleans mails, but did not 
escape: Coahoma County (fever at Friar's Point), Washington County 
(fever at Greenville, Refuge Landing, Stoneville, and Winterville); also 
Bolton,* Jackson, Meridian,* Pearlington,* Shubuta,* and Winona. Bolton 
is a railroad town near Jackson, in the direction of Vicksburg. The first 
death occurred Aug. 12th, and, out of a total population of 200, IM or 
more had yellow fever. At Canton the quarantine was established too 
late — only one day before the occurrence of the first case. At Jackson 
the fever was delayed by quarantine more than a month, while they were 
exposed to danger of infection from both New Orleans and Vicksburg. 
At Lake quarantine was delayed twenty-four hours by the mayor, to 
allow the admission of his son-in-law from Vicksburg, who came in sick 
with yellow fever. The " Lebanon neighborhood " was strictly quaran- 
tined, and the mode of infection has not been traced. It might have 
been introduced by night-walking negroes, without discovery. At Meri- 
dian the fever was introduced by railroad employes. McComb City is a 
railroad town, where the fever did not appear until nearly the end of Sep- 
tember. Osyka was quarantined July 28th, while the first case occurred 
July 27th. The quarantine at Ocean Springs was openly disregarded. A 
practitioner of medicine in New Orleans has his family residence at this 
coast watering-place, and the whole household kept themselves strictly 



504 



INLAND QUARANTINE. 



secluded during the whole course of the fever at Ocean Springs. No 
one went outside the enclosure, and no one entered but the doctor. All 
escaped, though there were no less than twelve of the family who had not 
had the fever. A parallel instance occurred in the environs of Vicksburg. 
The quarantine at Port Gibson was established after the appearance of 
the fever. At Rocky Springs one of the town authorities violated the 
quarantine by bringing in a lot of bagging for baling cotton. The fever 
broke out in the family of his partner or agent, who took home a portion 
of this bagging. At Vicksburg the quarantine was loosely carried out. 
Citizens went without restraint on steamboats, and persons arrived by 
railroad and steamboat without any opposition. The fever was intro- 
duced by some of the crews of the " John D. Porter " and " City of 
Alton," who were put ashore, and died — one July 24th, another July 
25th. At Water Valley the infection was introduced by railroad train- 
men, who were allowed to stop over there. 

In Tennessee the principal examples under this head are Grand Junc- 
tion and Memphis. At the last place a death from yellow fever occurred 
July 21st, a man from the steamboat " John A. Scudder." In Alabama, 
Decatur is the most striking example. At Tuscumbia quarantine was 
very lax. 

(3) . Washington, La., on Bayou Teehe, was strictly quarantined, and 
escaped yellow fever until late in November. Provisions were admitted, 
but woollen goods were excluded. It appears that the infection was in- 
troduced by flannel goods smuggled in a barrel of grits. The fever broke 
out in the family where these flannels were worn, and extended to their 
neighbors. Harrisonburg, on the Ouachita River, also escaped until 
shortly before the appearance of frost. A box was discovered on the 
bank of the river, about two miles below the town, which was carried in 
by several young men and opened. It was found to contain some cloth- 
ing, among other articles. All these young men, with one exception, took 
the fever. Mobile, Ala., had about 300 cases altogether. Quarantine was 
enforced, commencing July 27th. It is alleged that a case occurred there 
August 1st, in the person of a woman who left New Orleans July 24th; 
and another case traceable to that one, August 10th. The maximum 
mortality was, October 18th, 25. At Milan, Tenn., the first case was not 
a resident, and occurred August 26th. The first case among the inhabi- 
tants occurred September 18th. The town has about 2,000 inhabitants, 
and the quarantine is acknowledged not to have been strict. 

In Mississippi, Bovina, Byram, Okolona, Winona, and Yazoo City were 
affected lightly. At Yazoo City the policy of total non-intercourse was 
adopted. Yellow fever was introduced by a clergyman, who officiated at 
the funeral of a child in the country six miles off. The child was sup- 
posed to have died of a malarial fever, but was afterward discovered to 
have had yellow fever. Helena, Ark,, Cairo, 111., and Cincinnati, estab- 
lished quarantine and had few cases. 

(4) . Under this head in Louisiana, Donaldsonville, Port Hudson, 
Plaquemine, and Gretna, river towns, suffered severely. In Mississippi 
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are to be named tlie Gulf watering-places, to Biloxi inclusive, viz.: Bay 
St. Louis, Pass Christian, Mississippi City, and Biloxi; Handsboro; Pearl- 
ington and Logtown on Pearl River; Grenada and Holly Springs; besides 
other places of less note. In Tennessee, Brownsville and Martin, both 
railroad towns; in Kentucky, Bowling Green, Danville, Hickman, and 
Louisville (though not severely). 

(5). The following places escaped, though not quarantined: 
•Five unimportant stations on the Mobile Railroad, within thirty miles 
of New Orleans, almost totally without inhabitants; also Amite City, La., 
and several insignificant points on the New Orleans, St. Louis and Chicago 
Railroad, where there were not inhabitants enough to organize a quaran- 
tine. On the Memphis and Chai-leston Railroad are to be named Sauls- 
bury, Middleton, Pocahontas, Chewalla, Glendale, Burnsville, luka (six 
cases altogether), Dickson, Huntsville (twenty-four cases, only one of local 
origin), Fearn's, Brownsboro', Paint Rock, Woodvillc, Larkinsville, Scotts- 
borough, Bell Fonte. To these these may be added Smithland, Ky, 

The lessons of the recent epidemic must bring the unprejudiced mind 
to the belief that there was a clear relation between enforcement of quar- 
antine regulations and prevalence of yellow fever in all threatened com- 
munities — that is to say, that there was no security in a loose system, and 
complete safety in absolute non-intercourse. . None but those who have 
been reduced to the verge of starvation, or suffered prolonged severance 
of the closest family ties, can fully appreciate the price paid for immunity; 
on the other hand, observers at a distance mvist fail to appreciate the 
situation of a threatened community, confronted by a new and invisible 
danger. 1 am convinced that calm consideration of the whole case will 
lead to the conclusion that no blame should attach to the adoption of the 
most extreme measures, which were enforced with more than military 
severity. The warrant for such action was the ancient dictum, salus 2>opuli 
suprema lex. In untried and unskilful hands it would be unreasonable to 
expect great success. The results, with all their imperfections, ought to 
satisfy a candid mind; while the enlightened sanitarian feels a weight of 
duty pressing him to find some escape from the danger, and at the same 
time release from the worst inflictions of the remedy. The most obvious 
and reasonable deductioji from these numerous experiments at internal 
quarantine is to the effect that there was an almost total lack of system 
and suitable adaptation of means to the end aimed at, and that the proper 
course would be, to subject all local health authorities to a central super- 
vision, either state or national. In 1878 Louisiana, it would reasonably 
appear, was sufficiently punished for a wholesome lesson, but the recent 
adjournment of the legislature without accomplishing a single measure 
of sanitary legislation, though no less than five bills of this nature were 
brought before its notice and favorably reported on by the appropriate 
committees, speaks very discouragingly for the repression of yellow fever 
through state action. But, even had the legislature of Louisiana done 
its full duty in strengthening the hands of the State board of health 
to exclude infectious diseases from its borders, and to supervise local au- 
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thorities in the execution of internal quarantine measures, in case of the 
actual presence of such disease at New Orleans, it is probably too much 
to expect that the other exposed States, coastwise and inland, would all 
adopt wise and energetic measures of prevention. 

In the national Congress the present outlook is more promising, both 
from the probability that the people of the other exposed States, especially 
inland, are more thoroughly awakened to the importance of strenuous 
measures of repression than the people of Louisiana, and from the fact 
that men of character and ability far superior to the average State legis- 
lator are sent to the Congress at Washington. I shall not undertake here 
to discuss, still less to decide, the question of the authority of the General 
Government, under the Constitution of the United States, to legislate or 
assume any executive functions pertaining to public health. It appears 
that a great majority in Congress are satisfied of their right to act, either 
on general principles or because the emergency justifies interference, and 
I have no doubt that a carefully digested plan of national supervision of 
external and internal quarantine would greatly conduce to the efficiency 
of the service. 

If Congress should undertake to legislate at all on this subject, it 
should do no less than provide for the protection of communities either 
destitute of a quarantine system or possessing one manifestly imperfect 
in action. In such cases the central authority should be prompt and com- 
plete in action. Moreover, close observation should be exercised over all 
places having well-organized local quarantine systems, whenever they may 
be threatened by infectious diseases, such as cholera and yellow fever, 
both to keep the central office thoroughly informed of the actual progress 
of the disease and of the means in readiness for its repression, and also 
to afford counsel whenever appropriate or necessary. To this end it 
would be convenient to divide the country into sanitary departments, or 
districts, with a competent health-officer assigned to each, and all subor- 
dinate to a central authority at the national capital. Particular surveil- 
lance should be exercised over internal lines of travel and transportation 
from infected points, and there should be power to place travel and traffic 
under necessary restrictions and regulations. 

As New Orleans has been the port most threatened by yellow fever, 
it will be convenient to use this point by way of illustration, with the 
supposition that the fever has made its appearance in threatening propor- 
tions, whether by importation anew or survival from a previous year. 
The object is to confine the disease within existing limits, and the advan- 
tages of an already organized system of inland quarantine, with ample 
authority for regulating intercourse on all lines of communication, over 
the various plans adopted in 1878 by panic-stricken citizens, are too ap- 
parent for argument. The plan of non-intercourse, though justifiable in 
case of surprise without previous organization to meet danger, is quite out 
of harmony with the civilization of our age, in the needless hardships 
which it imposes ; but restrictions must be prescribed, and there must be 
power at hand for their enforcement. 
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In my judgment, the scope of rejjression should be limited chiefly to 
the neighborhood of the infected city (say New Orleans), and all the rail- 
roads and the river in both directions should be subjected to a strict 
quarantine, provisional stations for this purpose having been established 
within a few miles on each route and at some distance from human habi- 
tations. At those stations all merchandise should undergo transshipment, 
together with thorough disinfection by sulphur fumigation in close apart- 
ments. The water-craft and railroad cars from the infected city should 
never come near those travelling to the interior, and should not be allowed 
to proceed farther than the quarantine stations. The landing-places on 
the river and the railroad transfer stations should be located on smooth 
ground, to admit of easy sprinkling with a five per cent, solution of car- 
bolic acid, which should be practised to a distance of two or three hundred 
feet around daily, or so often as arrivals might occur from the infected 
city. The sulphur fumigation should be extended to the joersonal bag- 
gage of passengers, and include the opened mail-bags, though there is no 
well-authenticated instance of the conveyance of yellow-fever infection by 
mail matters. All boxes and other receptacles of dry goods should be 
opened and their contents thoroughly subjected to the fumes of sulphur. 

As regards detention of travellers, I should say that those who have 
had the fever should be allowed to proceed as soon as their baggage had 
undergone disinfection. The quarantine officer must satisfy himself of the 
fact of the individual's having had yellow fever by the certificate of his 
attending physician or his own affidavit. Unacclimated passengers should 
be detained for a period of not less than ten days, as a precautionary 
measure, for there is ground for the supposition that the yellow fever in- 
fection is multiplied within as well as without the human body. 

As a further and proper precaution, travellers from an infected town 
should be required to make an entire change of dress and undergo a com- 
plete bath, including the hair. The clothes put on after the bath must 
have undergone fumigation, and those taken off must be subjected to the 
same process. This plan would require two buildings, which should be 
several hundred yards apart; the first intended for disinfection and bath- 
ing, the second for residence during the period of detention or incubation 
of the disease. The ground around the first should be sprinkled every two 
or three days with dilute carbolic acid, and passengers should not be 
allowed to return to this building after once leaving it. These buildings 
need be no more than temporary structures, erected at moderate cost. 

As regards outgoing vessels by sea, no interference would be neces- 
sary, since the quarantine at each port should be competent for its pro- 
tection. 

In case of an outbreak of yellow fever at an interior city or town, the 
plan of proceeding should be quite similar. Temporary quarantine stations 
should be established on all the avenues of approach, and no substances 
capable of acting as fomites should be allowed removal before thorough 
disinfection. Persons must be subjected to the same restrictions on leav- 
ing infected places as before mentioned. Railroad trains passing through 
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such towns should never stop, but keep a rumiing speed of not less than 
ten miles an hour through their limits. Water-craft used as lighters from 
infected towns to the quarantine stations should have their closed apart- 
ments fumigated daily with sulphur, and their decks daily sprinkled with a 
five per cent, solution of Calvert's No. 5 carbolic acid. 

When we have to deal with cholera, the plan of action is somewhat 
different. In this disease the materies morhi is known to be reproduced 
in the human body, and to be found in the ejections from both extremi- 
ties of the alimentary canal and from the bladder. The general rules for 
the establishment of quarantine stations around infected towns are the 
same as in case of 3'ellow fever, but they are not limited to the warm 
season. On the other hand, as cholera ought to be effectually stamped 
out of 'a town which has a well-organized board of health within a few 
weeks, the obstruction need not be of long continuance. 

The danger of conveying cholera infection through articles passing 
under the general term of freight, on transportation lines, is so small as to 
be left out of consideration. Packages sent by express would need in- 
spection, and those consisting of personal clothing and bedding should be 
subjected to sulphur fumigation. Soiled articles must, in addition to 
fumigation, be thoroughly cleansed. The same rules, as stated in relation 
to yellow fever, ajoply to bathing, change of dress, and disinfection of all 
personal baggage of passengers. The detention of passengers during the 
period of incubation (at least eight days) must be insisted on, to render 
the quarantine of any value. 

In case any individuals should fall sick, either of yellow fever or cholera, 
while under detention, they should be sent back as soon as possible to the 
town from which they have departed, for the station would always be 
within a few miles, and there would be no time to establish hospitals at 
an impromptu quarantine station. 

It is evident that the execution of such a system of quarantine must 
not be in the hands of local health authorities, either municipal or State. 
Nothing less than the authority of the General Government would cause it 
to be full}' respected, and the medical officers in charge must feel that 
their responsibility is not limited to a city, or even a State. For illustration, 
suppose the city of New Orleans were again visited by yellow fever or 
cholera. An inland quarantine would have for its object the protection 
of the interior country, but the great commercial interests of the city have 
always opposed external quarantine restrictions, and Avould be still less 
tolerant of an inland quarantine. The board of health of Louisiana is a 
mixed body, the State and city both being represented on it; and at the 
present time the city is allowed a majority in membership. There has 
always been a strong disposition among conunercial men to ignore or con- 
ceal the existence of yellow fever in New Orleans, though Avithin my 
knowledge the board of health has not countenanced this policy; but the 
prospect of being shut off from the interior country would bring an irre- 
sistible pressure on the city members, and they would certainly fail to 
recognize the existence of yellow fever and cholera until the diseases had 
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spread beyond their control, so much do they resemble intermittent fever 
and cholera morbus. 

The foregoing plan, of which only a mere outline has been presented, 
is without precedent, so far as I am informed. It has suggested itself to 
me as the best means of obviating the difficulties. and failures hitherto ex- 
perienced, when the repression of diseases naturally infectious and epi- 
demic was left to the threatened communities themselves, guided for the 
most part by the simple instinct of self-preservation. It is too much to 
expect that proficiency in preventive medicine will become a common ac- 
complishment, even among medical men, in our day'. None save a few 
public officials have any practical interest in it ; and, under the present 
mode of organization of sanitary bodies in this country, where rotation in 
office conforms to political usage, no one can safely abandon curative for 
preventive medicine. 

In addition to superior organization alwavs in readiness to act at the 
beginning of an outbreak, the above system would enjoy the advantage 
of earlier and better information of danger, from the presence of health 
officers in the threatened seaports ; and, besides, it would be far less dif- 
ficult to prevent the escape of infection from one city than to prevent its 
introduction to an indefinite number of interior towns. This is especially 
the case in Louisiana, with its extensive network of inland navigation, all 
in communication with New Orleans, whereon every contiguous plantation 
has its own latiding. Again, it would obviate the barbarism of total non- 
intercourse, which was found the only trustworthy plan at inland towns 
in 1878, and which would be generally adopted with great certainty by 
most interior communities in case of another outbreak of yellow fever at 
any of our Southern seaports, unless they were satisfied that no less power 
than the General Government had provided means adequate to their pro- 
tection, by arresting the pestilence at the threshold. 

Another obvious oonsequence of some such plan as the one above out- 
lined would be the stimulation of exterior quai'antine authorities to greater 
vigilance, inasmuch as the inconvenience of inland quarantine would be 
brought home to the people of the coastwise cities; while, on the other 
hand, intercourse among interior communities would be relieved of all the 
dread and embarrassment experienced in 1878, so long as the pestilence 
remained shut up at the city first assailed. 

It is beyond dispute that a plan of such novelty and such salient fea- 
tures would meet strong opposition in a mercantile community, and it is 
not to be expected that it would work smoothly or satisfactorily at first. 

Great need would there be for sound judgment and cool temper on 
the part of the health officers selected to carry out the details, as well as 
ceaseless vigilance to prevent evasions, in relation both to persons and to 
fomites. 

In case, however. Congress should fail to legislate on this subject, or 
should so restrict the powers of the national quarantine authorities as to 
forbid the execution of such a plan as the one heretofore delineated, it is 
not to be expected that it would be adopted by State or municipal health 
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authorities. Every community then would be obliged to provide for its 
own protection. An association of delegates from the sanitary bodies of 
threatened communities would certainly be desirable, in order to take coun- 
sel together and establish some uniformity of action. Well-organized State 
boards of health, with ample powers and independent of local influences, 
in interior States, like Mississippi, Arkansas, Tennessee, and Kentucky, 
might protect their borders from the introduction of yellow fever and 
cholera by the exercise of due vigilance. In Louisiana the board of 
health exhausts its powers in guarding the metropolis. No attempt has 
been made hitherto to associate other communities in the State for com- 
mon defence against contagion, and there is no visible sign of such action. 
The same difficulty probably exists in other States with important seaports, 
and directly in proportion to the magnitude of commercial interests in- 
volved; for they are sure to be arrayed in opposition to restrictions for 
sanitary ends, though this policy is short-sighted and wrong in the end. 

The warfare of science against ancient prejudice (in other words, against 
barbarism) has now to be fought out in preventive medicine, as it has been 
in the curative branch. In the latter the contest has lasted many centu- 
ries, and is not yet finished. The study of anatomy is fairly tolerated in 
most parts of the country, but experimental physiology is condemned, be- 
cause it is in the interest of science, and therefore of humanity ; while 
the mutilation and wanton destruction of animals for sport is connnended 
as healthful and manly! 

In the absence both of congressional action and of concerted measures 
by local health authorities, each body must work independently, as here- 
tofore. Then it would be a measure of great utility to publish advice of 
a suitable character, proceeding from the highest authority in sanitary 
matters, as, for instance, the American Public Health Association. These 
local bodies should be taught that the policy of total non-intercourse is 
both unnecessary and unjust; that the thorough disinfection by sulphur- 
fumigation of all fomites, including clothing worn by travellers, the com- 
plete bathing of all who are allowed to pass, together with the detention 
of individuals who have not had yellow fever — and in case of cholera all 
persons — beyond the period of incubation, are quite sufficient ; but that 
all evasions of these necessary regulations must be rigidly prevented. 

In case Congress should see fit to provide for an advisory system of 
inland service, as supplementary to local quarantine regulations, much 
good might be done by judicious health officers. It should be their duty 
to keep themselves fully informed abovit the presence of cholera and yellow 
fever at seaports, to give timely notice by telegraph to inland communi- 
ties, ani to visit as many as they conveniently can for the purpose of 
advising them about suitable means for self-protection. Such a position 
would be no sinecure, and the service might be of inestimable advantage, 
coming from an expert sanitarian to a community whose only idea of 
security from threatened pestilence is rigid seclusion from the whole outer 
world. 

An invasion of the Dominion of Canada by Asiatic cholera would de- 
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mand tlie exercise of inland quarantine along an extended boundary line, 
in the absence of a system for confining the disease at its point of access, 
similar to the one sketched above. Here, again, is apparent the advantage 
of a corps of experts always ready for action, and answerable for duty in 
any part of the country on the shortest notice. Even without legal 
authority to give and enforce orders, their presence and counsel would 
avert panic, bring order out of chaos, and prevent resort to rash and ex- 
treme measures on the one hand, or the paralyzing effects of despair on 
the other. In other Avords, the local authorities would be taught to do 
the right thing in season. 

In the foregoing remarks I have expressed preference for a system of 
inland quarantine derived from national legislation, with the directing 
authority at the capital, administered by a corps of experts selected for 
their special fitness, and with powers sufficient to enable them to place 
barriers around an infected city or town capable of preventing the escape 
of infection. Be it understood that these views are simply a proposition 
of sanitary science, according to my individual understanding. Their 
practicability at the present time, according to the judgment of legis- 
lators acknowledging responsibility to their constituents, is a different 
question, which, I fear, would be decided adversely. 

The best alternative would be a similarly organized corps, charged with 
the following duties: to keep the central office and all subordinates thor- 
ouglily informed of the existence and progress of cholera and 3'ellow fever; 
to render assistance and counsel at threatened points, so as to promote 
their protection without panic, violence, or measures of needless severity. 
In case Congress should fail to take any action. State and local health 
authorities will still have the benefit of warning, through the weekly bul- 
letins issued by the surgeon-general of the United States Marine Hospital 
Service, which have already rendered signal advantages. These authori- 
ties ought to form an association for mutual instruction and agreement 
upon a uniform system of protecting their several communities, and there 
is a reasonable prospect that measures of greatly increased efficiency and 
diminished harshness would be evolved. 

Preventive medicine is not yet out of its infancy, though this period 
has been greatly prolonged by stupid opposition, often operating in the 
name of religion. Quarantine, its first development, originally a forty- 
days' detention simply, was long restricted to the exclusion of foreign 
infection, and in this sense has reached a respectable stage of advance- 
ment, at some 2)orts. Inland quarantine, a recent variation, is still in the 
first stage of distinct growth, rude, untaught, savage. My object, in the 
present paper, has been to produce a simple lesson for this child of nature 
— a little in advance of the alphabet, but a great deal short of a treatise. 
In the want of authority on the subject, unusual originality of idea has 
been necessary, for which the reader's charitable consideration is respect- 
fully asked. 
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I. — Sii all-Pox. 

We may include under tliis head two forms of eruptive fever (variola 
and varioloid), which bear a general resemblance to each other in these 
respects, viz.: that in both there is a dedmte period of incicbatioji, which 
usually lasts fourteen days; that both are characterized by a^j)eriOf? q/' l/i- 
vasion, expressed by marked increase of temperature, headache and back- 
ache, vomiting, and other evidences of a more or less profound constitutional 
disturbance; and finally, that in both there is an eruj^tive sta(/<', which in 
the beginning is shown by a primary redness of the skin, followed by a 
secondary vesication and umbilication, by maturation or drying up of the 
lesion, and by final desquamation. This stage — tJie enqytive — occupies 
about three weeks. These two forms of small-pox, viz., variola and vario- 
loid, differ only in regard to the severity of the symptoms, and they are 
interchangeable, /. e., the contagion of varioloid may produce variola, and 
vice versa. Of the moi'e detailed clinical features it is hardly necessary 
to speak, except so far as diagnosis is concerned. It is important, how- 
ever, that health inspectors and others should bear in mind the danger of 
confounding the eruption of this disease witli that of others; and as such 
a mistake might be followed by the most serious results, it is of the great- 
est necessity that extreme caution be used. 

JResenihlance of s»uill-2)o,c to other eruptive disorders. — In some mixed 
forms of disease it is often almost impossible to say with certainty that 
the eruption in a given case is that of small-pox. In the first stage of the 
eruptive fever, before the contents of the pustules become turbid, it may 
be mistaken for measles, secondarij si/philis, and occasionally for other 
eruptions. In measles, however, there is a crescentic arrangement which 
does not belong to small-pox, and the co-existence of coryza, which is 
so marked a feature of this disease, is never more than a coincidence 
in small-pox. The first indications of redness are to be found, in the 
varioloid affections, about the wrist and forehead, while in no other erup- 
tive fever is any such preference shown. An interval of four days, un- 
attended bv any characteristic advance in the appearance of the areola; 
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vesication with umbilication, etc., will make it quite certain that the dis- 
ease is neither small-pox nor varioloid. In some cases, however, the rasli 
of measles will simulate the form of variola in which the eruption is not 
pronounced, but even in such examples there is a brightness of color which 
does not belong to small-pox of this variety, for in the latter there is a 
I)luish tint and usually a train of very severe constitutional symptoms. 

The roseola of secondary si/philis has in many cases deluded the medi- 
cal man. In such suspected cases it is well to inquire into the question 
of previous history, and to carefully search for spots which have dried up, 
for nearly always a copper-colored patch remains; or, if a day or two is 
allowed to elapse, the whole surface of the body which has been the seat 
of the eruption will be found to be dusky and tawny. In children vari- 
ous skin lesions of an extensiv^e type accompany the general eruption. 

Varicella is perhaps most commonly mistaken for the more severe dis- 
eases of the same general character. In this simple eruption, commonly 
seen among children, but also quite frequently' found among adults, as the 
statistics of most health boards will show, the skin lesion may be so ex- 
tensive as to be decidedly puzzling-. It is not infrequently characterized 
by umbilication ; but here it may be said that this feature of the true 
disease (small-pox) is not so constant and important as it is usually sup- 
posed to be, and therefore is not to be regarded as pathognomonic. A 
vesicle formed about the base of a hair is not at all ixncommon in varicella or 
other non-febrile diseases, and umbilication is frequently found even when 
no such explanation for its production is to be discovered. In varicella it 
is not common to find any spot in the roof of the mouth, while the con- 
trary is the rule in small-j^ox. In the majority of cases of this simple dis- 
ease (varicella) the vesicles appear in successive crops, are very variable 
in size, and irregular; are rarely surrounded by the areola so marked in 
small-pox ; a;;e never confluent, and are usually much more prominent and 
drop-like than in small-pox. It is also the rule to find skin lesions in dif- 
ferent stages of development, some being vesicular and clear, others 
slightly turgid, and still other spots are found which consist of nothing 
but a dry puckered crust. 

A patient seen at a late stage of the true disease often presents an ap- 
pearance which may be mistaken for that which may be the result of other 
cutaneous eruptions. Among these may be mentioned that of syphilis, 
which, however, is much more slow to disappeai% and has the copper color 
of which I have before spoken, or, in the tertiary lesion, a prominent crust. 
Cases of eczema have sometimes been mistaken for confluent small-pox 
in its advanced stage, but it is unusual to find so extensive an appear- 
ance of eczema, and there is no trace of separate circumscribed lesions. 

It is always well to make more than one visit to the patient, if there 
be any doubt whatever in the mind of the observer, for an interval of 
twenty-four hours will often greatly alter the features of the case. 

Kataral histonj and jyropagation. — The first introduction of small- 
pox into America dates back to the year 1625, when the disease was 
brought to Mexico by a negro slave, and soon afterward spread rapidlv 
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over a vast tract of country. At periods separated by intervals of seven- 
teen or eighteen years thereafter, fresh outbreaks appeared, which during 
their continuance were very violent and extensive. During the eighteenth 
century it appeared at various times in different parts of the country, 
while so-called epidemics are spoken of by Webster as having occurred in 
Boston during the middle and latter parts of that centurj', and the prev- 
alence of the disease at Charleston, S. C, at the same time, is mentioned 
by early medical writers. In New York, Philadelphia, and other of the 
old cities of the continent, small-pox has been more or less prevalent since 
the end of the eighteenth century, and an inspection of the health re- 
ports of American, as well as foreign cities, show that a certain number of 
cases of the disease are to be found at all times. The improvement in 
sanitary administration and the general introduction of vaccination, how- 
ever, have done much to prevent the frequent ravages. 

Its supposed epidemic nature. — It has been the custom to speak of 
small-pox as an epidemic disease, and, from its pronounced contagious 
character and its rapid spread, such a conclusion seems at first to be 
reasonable; but a more careful study of its mode of appearance and ex- 
tension must convince us tliat the existence of small-pox — as a disease 
which is ever truhj epidemic — is not possible. The belief in its epidemic 
character has arisen from the fact that it spreads through a large commu- 
nity in a remarkably short space of time, and when the protection offered 
by perfect vaccination has not been afforded, and in districts where sani- 
tary control has been lax, or when careless management of cases has 
existed, the disease has raged so furiously as to leave the impression that 
it was decidedly epidemic. Such was the case in Massachusetts in 1G33, 
when it appeared among the Indians, who perished by hundreds in a very 
short space of time, and since which tiine other outbreaks, equally general 
and violent, have taken place in different parts of the country. In later 
years the epidemic in Philadelphia, in 1872-3, is an example of this kind. 
In modern times, since the study of the disease has of necessity become 
thorough and methodical, it is invariably possible to trace its extension, 
and this, taken into account with the fact that there is never a simulta- 
neous outbreak in different parts of the country, but that there is always 
a recognizable spread, even though so rapid as to appear almost inexpli- 
cable by the ordinary theory of contagion and exposure, justifies the as- 
sumption that its epidemic appearance is after all accounted for, as I have 
said, by the violence and diffusibility of the poison. 

Dr. Snow, of Providence, in an admirable paper, takes the ground I 
have just gone over, and says: " This wonderful prevalence of small-pox 
was not at that time (1872-3), and has never been in recent times, general 
and widespread at the same moment of time, as would be necessary to 
constitute a true epidemic " (Public Health Reports, Vol. II., p. 417). In 
ever}'- case it will be found that there is a contagious influence, and the 
disease cannot possibly appear unless the individual has been exposed to 
contagion in some way. That the outbreak of small-pox in certain places 
may be so sudden and general as to give the impression of an epidemic is 
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quite natural, and maybe accounted for when we take into consideration 
the terrible, contagious nature of the disease. Snow reminds- us that tlie 
600,000 cubic inches of atmospheric air exhaled by each individual daily, 
besides the body emanations, the soiled clothing, furniture, etc., are suffi- 
cient in themselves to rapidly 2)ro2:)agate the contagion, even if great care 
is taken, and especially if the disease once gets great headway, as it did 
in Philadelphia and Boston. 

The endemic and elhnatic influoices tohich affect its spread. — With 
regard to the question whether the spread of small-pox is modified by en- 
demic influences, it cannot be said that conditions of soil or place have 
any powerful influence in its jiropagation or development. Only so far as 
infected districts are concerned does the question of distribution of cases 
arise. Overcrowding, uncleanliness, and imperfect ventilation predispose 
to the disease, and an inspection of the health returns of infected localities 
shows this very markedly. During the years 1872-3 there Avere 320 cases of 
small-pox in the city of New York; 122 cases occurred in the most squalid 
and crowded streets, and 40 of these were in Park, Baxter, and Pearl 
streets, all of them being thoroughfares of the worst descrijjtion, closely 
built up with tenement-houses of the oldest and poorest kind. Many of 
the patients were Italians, Irish, and Germans, the latter being especially 
subject to small-pox. Ignorance and superstition seem to partially account 
for this increased susceptibility of certain nationalities, and the disbelief 
in and fear of vaccination invite the spread of the pestilence. As an ex- 
ample of the former, it may be mentioned that, among a large proportion 
of the German population, the month of May is believed to be the only 
time when the operation of vaccination may be successfully performed; 
and no matter how close may be the proximity of the person to a case of 
the disease, he will often refuse the advantages of protection held out, 
preferring to run the risk. Owing to this serious obstacle. Dr. Tracy 
found that among the Italians, who dreaded vaccination, many children, 
five or six years of age, had never been vaccinated, and that when the pre- 
judices of the parents had been overcome, the extension of the disease 
was decidedly modified. 

Small-pox is markedly controlled by extremes of temperature, but it 
seems to flourish during cool weather, and is usually abated during the 
summer months, reappearing in the fall, however. 

The question of contagion. — The poison of small-pox may be conveyed 
by the pus and exfoliated epidermis, by the excretions and secretions, or 
by any substance which takes up or becomes impregnated with these. 
In the majority of cases, the contamination of clothing is the first step in 
the transmission of the disease; consequently we find that rags, bed-linen 
sent to wash, and clothing worn by other individuals, are -aW fomites, while 
contact Avith furniture or articles used by other persons is sometimes all 
that is sufficient to contract the disease. In one case of which I know, 
small-pox was conveyed by a barber from one of his customers to another. 
In another case the patient smoked the pipe which had been used by a 
friend who had recently recovered. It cannot be questioned that many 
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cases are undoubtedly contracted in street-cars and other public convey- 
ances, especially those in which straw has been placed. 

The latency of the contagious element. — Numerous cases are reported 
which go to show that the poison of small-pox retains its communicability 
a long time after the original attack. Trousseau cites two instances, in 
o!ie of which the virulence of the poison and its infectious properties were 
undestroyed even after many years. In 1854 an English transport-ship, 
the Wellington, sailed for the East with a regiment of infantry, and 
shortly afterward small-pox broke out, when she was put back for Ply- 
mouth. After, as it was supposed, she had been completely and perfectly 
fumigated and purified, she was again despatched; but in less than fifteen 
days the disease broke out anew, and though the vessel was again com- 
])letely disinfected, and although she had been laid up for several months, 
a third outbreak of disease occurred. The disease has been communicated 
even after a longer period. In the city of New York, during the small- 
])ox outbreak, which lasted with varying violence for two or three years, 
it was found that in certain houses, though every precaution had been 
taken after the patient had been removed and the bedding destroyed, six 
or eight months afterward, or during the next season, new patients de- 
veloped symptoms of the disease, and that, too, notwithstanding the facts 
that no cases had existed in the interim, and that no known outside con- 
tagious influence could be discovered. 

In a house in the upper and eastern part of the city a child contracted 
small-pox in 1876. After the child's recovery the carpets were removed, 
the walls washed, and the room carefully disinfected. New tenants shortly 
afterward took possession of the room, and two years afterward (1878) a 
child was born. When two months old and unvaccinated she became ill, 
and presented all the features of a well-developed small-pox. As she 
had never left the room, and as at the time there was no small-pox in the 
city, but one inference was possible. 

A still more prolonged latent period is mentioned by Trousseau. It 
was in the case of a grave-digger, who, many years after the death of a 
person from small-pox, was called upon to reopen the grave. 

Contamination of air. — The conveyance of germs by means of air 
laden with the substances detached from the body of the patient is a fruit- 
ful source of contagion, though not so common a means of infection as by 
actual contact. Under this head come the cases which are developed 
among people who occupy buildings adjacent to carpet-beating cstablish- 
lishmcnts or places where carpets are cleaned, or rags dusted for paper- 
making. The disease, when produced in this way, may occur as a result 
of the inspiration of air laden with particles of desquamated skin, etc. 
Such transmission must not be confounded with certain so-called mias- 
matic diseases dependent upon vitiated atmosphere, such as typhoid, the 
malarial fevers, erysipelas, etc. In the former case there is simply a 
iiieclianical change, while in the latter there is an aerial decomposition of 
;i kind which so far is not fully understood. 

As an illustration of this, I may refer to the cases which occurred a 
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year or so ago in an apartment house, where the room of the patient com- 
municated with an air-shaft or well-hole. About three wedks after the 
first patient had been attacked, small-pox appeared among the tenants of 
other rooms above communicating with the same shaft, toJiile no other 
persons in the house contracted the disease. 

Susceptibiliti/, resistance. — It would seem that under certain conditions 
of the system there is an unusual susceptibility, while under other circum- 
stances there is an engendered immunity which to some extent protects 
the individual. While it is a great matter of doubt whether, as is popu- 
larly supposed, fear plays any part in the easy receptivity of the contagion 
by the individual, it cannot be disputed that care, worry, grief, and other 
depressing emotional states so reduce physical strength as to subject the 
exposed person more strongly to the danger of contagion ; but I am 
aware of no physical state which invites the disease, except it may be the 
non-protection by vaccination, and the fact that the patient has never 
had a previous attack. There seems to be some predisposition, so far as 
temperament is concerned, and according to my own experience, individ- 
uals of light complexion, eyes and hair, soft skin and large glands, are 
more commonly affected than those of the opposite characteristics. Ger- 
mans, as a race, form a large proportion of the entire number of reported 
cases ; and this seems remarkable when we bear in mind that they all 
are extremely thrifty, cleanly people, and that the ordinary spread of 
fomites among them would therefore not be so extensive as among a 
careless, dirty set of individuals like some others who are not so often 
affected. 

The disease is said to have been contracted by a person who simply 
passed another in the street, and many other equally insignificant and 
transient forms of exposure are cited. An example of this kind, which is 
well vouched for, but difficult to believe, occurred in the city of New 
York several years ago, A woman, who had not left her room for several 
weeks before, was taken ill with small-pox. No exposure either of herself 
or family to the disease could be traced; but she stated that two weeks be- 
fore she had been attracted to her window (her room being on the first floor) 
by the shouts of boys, and found that the cause of the excitement was a 
small-pox wagon which was driven rapidly past the house. In the absence 
of other facts, the health authorities were reluctantly compelled to accept 
this explanation. It would seem that the disease may be transmitted from a 
corpse, and students who have dissected the bodies of persons dead with 
the small-pox are said to have contracted the disease. In one instance, 
known in this city, and probably there are others, the friends of the de- 
ceased were found at a xoake kissing the sioollen lips of the corpse of a 
jyerson toho had died of confluent small-pox. It has been stated ( Aitken) 
that some idea of the contagious character of the poison may be inferred 
by the odor : that when this is more offensive, the disease is most likely 
to be contracted, etc. While accepting this view only as an indication of 
the severity of the eruption and the destruction of tissue, I think it can- 
not be adopted as a certainty, for how common is it to find violent hemor- 
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rhagic or confluent cases after exposure to simple varioloid, in Avhich 
neither the odor, pustulation, nor death of tissue is great, and vice ve)'sa/ 
or, in other cases, to find the severe forms of disease without eruption give 
forth no odor whatever. It is a fact fully appreciated by medical men that 
persons constantly exposed to small-pox very rarely contract the disease. 
In the case of physicians, health inspectors, nurses, sisters of charity, hos- 
pital orderlies, and some others, this is the rule, and of over one hundred 
persons who have been, to my knowledge, constantly exposed, some of 
them seeing as many as a thousand cases, I have never personally known 
of more than one who has contracted the disease; but there are many 
writers who believe perfect immunity to be extremely rare. In this con- 
nection attention may be called to the exemption of certain persons who 
occupy the same room, and perhaps bed, with the patients, and though 
sometimes never vaccinated, altogether escape infection. 

JIanagement of cases. — The management of contagious diseases in a 
community necessitates a harmonious and judicious co-operation between 
the physicians at large and the sanitary authorities, and, unless this exists, 
but slight control can be exercised over the spread of diseases of this 
kind. The sanitary bureau should consist oi a superintendent, or head, 
and local inspectors, in sufficient numbers to control each a moderate tract 
of territory. Besides these there should be a corps of vaccinators, and 
one for disinfection, as well as an ambulance-surgeon and helpers. 

The proper care of patients with contagious disease, especially those 
affected with small-pox, also necessitates the provision of a hospital at a 
safe distance from inhabited districts. 

The method adopted in the. city of New York — and, I tliink, such a 
system has been acknowledged to l)e most perfect — is, substantially, that 
mentioned above. The details are as follows: The physician in charge 
of the case is required to report tlie name and residence of the patient 
and diagnosis of the disease. When such a notification is received, the 
inspector of the district in which the patient lives is notified, and he is 
expected to immediately visit the case and report by telegraph his instruc- 
tions. Should the patient be found in a house where isolation is impos- 
sible, such as a hotel or tenement, and if it is possible to remove him with- 
out seriously compromising life, tlie inspector's telegram directs that the 
"case be removed to hospital forthwith, and that the premises be disin- 
fected and fumigated." If it is necessary to remove and burn bedding, 
such an order is included in tlie dispatch. If the friends of the patient 
refuse to allow his removal, the inspector notifies the sanitary superin- 
tendent of the fact, and another inspector is notified, who makes a "joint 
report," endorsing, if he thinks proper, what the first inspector has 
recommended, and then the police are called in to assist. Should there 
be no need for such a step, and the patient agrees to go, the ambulance 
is dispatched, and, under the direction of the ambulance-surgeon, the 
patient is carefully removed to the hospital. The corps of disinfectors 
next visit the house and carefully carry out a prescribed plan, while the 
vaccinating corps systematically vaccinate all those persons in the house 
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and neighborhood whom they can persuade to submit to the o])eration. 
In this way the disease is immediately prevented from spreading. 

The insjDector has other duties as well as those enumerated above. He 
satisfies himself of the probable origin of the disease, and, upon the 
acquired information being coinnmnicated to the sanitary superintendent, 
the evidence is investigated by other inspectors in their respective dis- 
tricts. The following series of questioiis are those asked the patient and 
his or her family: 

Questions to be anstoered by Iiispectoi's after Examination of a Case of Small-pox. 
First. — Where was the disease contracted ? 

Second. — Has any small-pox occurred recently in the house where patient is sick ? If 
so, when? 

Third. — Have of any of the patient's friends recently had small-pox? When and 
where ? 

Fourth. — Have any of the patient's friends been sick recently f When, where, and 
with what ? 

Fifth. — Where was the patient fourteen days before his illness V (Be particular about 
answers to this question. ) 

Sixth. — Where was patient on the 15th and 16th days before illness began? 

Seventh. — Where was he on the 12th and 13th days before illness? 

Eighth. — Had the family bought any new or second-hand clothing within three weeks 
preceding attack ? When and where 

Ninth. — Have they purchased any bedding, furniture, etc. , in this period ? What, 
when, and where ? 

Tenth. — Had any pedler exhibited goods to the family during the period of probable 
contagion ? Who and when (state residence of the pedler) ? 

Eleventh. — Has any person visited the patient or the family from a place where small- 
pox exists ? Who, when, and residence of such person ? 

Twelfth. — Has the patient ever been vaccinated successfully? When? By whom ? 
What proof now exists ? 

Thirteenth. — Has the patient ever been revaccinated successfully ? When ? 

Isolation. — It is rarely possible to successfully isolate a j^atient with 
small-pox, and this is only feasible when the person has been taken ill in 
a private house, or if he be on the top floor of a tenement-house. In such 
cases, however, it is imperative that all communication with other mem- 
bers of the family be stopped. The nurse and the physician are the only 
persons who should be admitted to the sick-room, and all food should be 
left outside of the bed-room door by some other person in the house. All 
immediate members of the family should be sent away from home, pro- 
vided the nature of the disea.se is discovered before the end of the third 
dui/, but in any case they should be vaccinated. Children of the family 
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sliould bo kept from school, and the teaclier informed of the fact. This 
isolation is to be kept up for certainly three weeks, or until the separation 
of scabs has taken place, and until the apartment and clothing have been 
carefully fumigated and disinfected. 

Disinfection and fainif/ation. — In small-pox, as well as in other erup- 
tive contagious disoixlers, it is important that the body-surface should be 
anointed with some fatty substance which shall prevent the ready detach- 
ment of exfoliated substances which otherwise might be carried to a dis- 
tance and be the vehicle of contagion. 

The excreta of the patient, as well as the soiled linen, carpeting, and 
bed-clothing, should be subjected to careful disinfection. A tub filled 
with warm water, to which has been added sulphate of zinc in the propor- 
tion of six ounces to the gallon, and carbolic acid, one ounce to the gallon, 
should be kept for the reception of underwear, etc. All clothing worn by 
the patient should be soaked in this solution before being washed, and 
the iloor, etc., should be sprinkled therewith. The rags used by the 
patient should be burned or dipped in this fluid, and it will be found ad- 
vantag'eous to soak cloths in the same, which should be hung in the sick- 
room. Carbolic acid is better than any agent of which I know for the 
purpose, and is to be preferred. 

After convalescence it is wise to burn all useless clothing, or, if the 
patient's bed be of straw or some such substance, it should be destroyed 
in the same manner. 

After convalescence the room should be subjected to fumigation, and 
for this purpose one or two pounds of roll sulphur should be broken up 
and placed in some old iron or tin vessel, which is to be floated in a tub 
of water. After the room is vacated, and all living- creatures, such as 
birds, removed, some alcohol may be poured over the sulphur and ignited. 
The windows and doors should be closed and kept so for half a day. The 
room, after being aired for several hours, may be then re-occupied. 

As an additional means of precaution, saucers filled with a solution of 
permanganate of potash (an ounce to a pint) may be left in places out of 
reach of children or others, and the room may be ventilated by leaving 
the wiiulows and doors open for a few days. In ships these general direc- 
tions may be modified; and in cases where it is impossible to resort to 
fumigation as dii'ected, the use of superheated steam, and the disinfect- 
ants I have suggested, may be substituted. When it is impossible to 
suppl}^ steam, the maintenance of a high temperature by stove-heat is to be 
reconnnended. In some cases the employment of chlorine gas, which is 
best j)repared by a mixture of sulphuric acid and common salt, may be 
resorted to. 

Vaccination and otlier means of jyrecention. — The diminution in the 
death-rate since Jenner's discovery robs small-pox of most of its terrors, 
and instead of its being a scourge which frequently sweeps over thousands 
of miles within an incredibly short space of time, it has not for many 
years been beyond the control of intelligent medical efforts. The death- 
rate from small-pox in London during the last century was 199, 6G5, of 
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which number more than half died during- the hist lialf (Greg-ory), and 
during the last quarter eig-ht per cent, of this number died. Modern sta- 
tistics show that the modification of the disease by vaccination has been 
very decided. During- the year ending- December 31, 18T5, there were 
admitted to the Riverside Hospital, New York, 2,427 cases of small-pox, 
and of these G74 died. Out of the total number 1,8GG had been vaccinated, 
and among- these there were 375 deaths; 405 had never been vaccinated, 
and among them there were 200 deaths. In the other cases no history 
could be obtained. Among the vaccinated the mortality was 20.00 ])er 
cent, and cunong the imvacclnated 49.38 ^->er cent. 

The fact has been shown by Mr. Farr's tables that over fifty j^er cent, 
of the patients who die are under five years of age, and according to some 
excellent statistics collected by Watt, of Glasgow, it was found that more 
children die between the second and fifth years than before these ages, in 
America; while the deaths were proportionately greater in the cities of 
Great Britain. It is believed by this author that such mortality is due to 
imperfect or neglected vaccination at an early age. 

The decided influence of vaccination in the modification of the disease 
is well shown in the statistics of the London Small-Pox Hospital during 
the severe epidemic of 1838. Of those unprotected by vaccination 295 
cases of confluent small-pox were admitted, of whom 149 died, while of 
those persons who had been vaccinated 5G only presented confluent small- 
pox, and of this number 21 died. Of all forms of variolous disease among 
un vaccinated people there were 39G cases, of whom 157 died, while of 298 
cases among persons who had been vaccinated there were only 31 deaths. 
In the city of New York, during the year 1870, when systematic and 
general vaccination was practised, the mortality from small-pox was 293, 
and the total number of cases M'as 1,580, the population being 942,229. 
In 1878 the population was 1,100,000, and the number of cases hid 14, 
tJianhs to judicious vaccination. 

The proper management of the disease depends upon a perfect co- 
operation of the public, the general medical profession, and the sanitary 
authorities ; and promptness in making known the existence of a case is 
the first necessity. The concealment of cases, and prejudice against 
vaccination, on the other hand, have much to do with the propagation of 
the disease as well as with its fatality, and it has been found that it is 
even sometimes necessary to impose a fine in cases where medical men 
are lax or neglectful in making known their connection with the case. 

The systematic vaccination of a community necessitates the appoint- 
ment of a corps and the establishment of a bureau. This done, vaccina- 
tion should be : 1st, General — which implies a regular and thorough visi- 
tation of every house and family — such a "house to house " inspection 
being repeated at intervals. A second visit should be made by a compe- 
tent person, whose duty it should be to examine as to the result of the 
first vaccination, and, if the operation has not been successful, he should 
repeat it. The individual should also collect lymph from the arms of per- 
sons who have been successfully vaccinated. It has been the custom in 



SMALL-POX AND OTHER CONTAGIOUS DISEASES. 



525 



the Health Department of Xew York to make a third inspection in pri- 
mary cases, about thirty days afterward, when a certificate is delivered. 
2d, Special : In the event of a reported case of small-pox, a corps of vacci- 
nators should be immediately sent to vaccinate the inmates of the house, 
and those of the houses about that which is occupied by the patient, thus 
preventing its spread in the immediate vicinity. At the same, time, 
schools, factories, and places where many persons are at work who are 
absent from their homes in the day-time, are visited and the advantages 
of vaccination offered. 

All children over two months of age should be vaccinated except when 
they are found to be suffering from certain acute febrile diseases, eczema, 
or infantile syphilis, unless the danger of exposure is great. Teething 
children come under this rule. If individuals are found who have not 
been vaccinated for six or seven years, the operation is to be repeated. 

Occasionally it will be found that objections are made by ignorant 
persons ; and in countries where compulsory laws are in existence, these 
protests, some of them very absurd, have formed the basis of many law- 
suits ; individuals have cheerfully paid the heavy fines imposed, rather 
than undergo the distasteful vaccination. It is true that in rare cases 
syphilis has been transmitted by this operation, but such a danger is only 
possible where blood has been taken up with the lymph, or the lancet- 
blade of the operator is dirty. No serious results have occurred, to m}' 
knowledge, other than those due to carelessness. Among 24,395 primary 
vaccinations made by the New York bureau, but 147 complaints were 
made, and of these many were found to be of a most trivial nature. Ery- 
sipelas, tardiness of the healing process, etc., follow rough handling, 
unclean bandages or falls, while bad hygienic conditions, impure air, bad 
food, and the discomforts of tenement-house life, cause a delay in the heal- 
ing process. Among the troubles found as a result of vaccination in the 
147 cases above spoken of, " unhealthy sloughing and ulceration at the 
seat of vaccination " was the case in 84 instances ; " excessive inflamma- 
tion and swelling of the arm, and occasionally erysipelas," in 29; "in- 
flammation of lymphatic glands, sometimes resulting in abscess," in 25; 
" cutaneous eruptions of various kinds," in 7 cases. But two deaths — 
both the result of erysipelas, one complicated with meningitis — occurred 
among this number. This, then, is a very good argument against the 
objection of the non-believers in vaccination. Much of the success of the 
operation depends upon the quality of the virus used and the manner in 
which the operation is performed. Humanized virus is undoubtedly more 
reliable than that taken from the calf, though the use of the latter is not 
the subject of such prejudice as when the virus is taken from the human 
subject. This humanized virus, however, does not possess the advantages 
of the bovine variety, for there is a danger of communication of disease 
from one individual to another, Avhich cannot as a matter of course occur 
when the virus is taken directly from the calf. About eighty per cent, of 
the primary vaccinations with the calf virus are successful. The lymph 
taken from the vesicle at the eighth day, or as soon as there is sufficient 
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accumulation, is the best. Scabs are unreliable, and 1 know of no better 
method of collecting and keeping the virus than by the quill. Ivory 
points or capillary tubes, like the scab, are more or less objectionable and 
unreliable. The charged quill should be kept in a tightly corked bottle, 
in a cool, dark place. 

It^ would appear from the results detailed that about eighty per cent, 
of all carefully made primary vaccinations are entirely, or partially suc- 
cessful. Tf repeated operations are made, it will be found that after the 
fifth or sixth attempt the virus usually " takes," even though the first 
vaccination may have been followed by negative results. 

The operation of vaccination is successful in aborting or preventing the 
appearance of the disease if performed before the third day after exposure, 
though in other cases the vesicle may appear and develop even during 
the course of the small-pox. The most efficacious method of vaccinating 
is by the ordinary thumb-lancet, which sliould be perfectly clean and care- 
fully Aviped after use. A number of crossed scratches should be made 
just deep enough to expose the superficial vessels, for if great effusion of 
blood occurs, the virus will be washed away. The quill, well charged, but 
not moistened before, is to be rubbed over the abraded surface until 
bleeding is stopped, and the virus rubbed off. Needles, complicated in- 
struments, or canuhi; and trochar arrangements which force the crust 
beneath the skin, are uin-eliable and not nearly so perfect and safe as the 
old-fashioned lancet, which can be readily cleaned. In a very able article 
upon this subject, my friend, Dr. Jas. B. Taylor, alludes to the fact that 
in ]io case has he known of a nursing child having contracted the disease 
from its mother when it was vaccinated at once after but one or two days' 
exposure. Even though the child be taken to the hospital and exposed 
to patients in different stages of the disease, the vaccination seems to 
afford perfect jDrotection. 

The collection of virus.—lt is best to take humanized virus from very 
young infants who have been submitted to their primary vaccination, for 
virus from re-vaccinated cases is not nearly so good. It should be taken 
at the end of eight days, but not if any areola has appeared, for bleeding 
readily follows even the most gentle treatment, and there is then danger 
3aot only of collecting blood upon the quill, but as well of taking up the 
products of some erysipelatous inflannnation. The vesicle should be punc- 
tured at its most prominent ])art, and not at the base; a number of in- 
cisions being made to open the numerous little sacs. A clean-scraped 
quill, which has previously been soaked in water, and cut squarely across, 
should be brought gently in contact with the exuded fluid, which dries 
upon it very rapidly. No pressure or attempt at increasing the supply of 
virus should be made from any one vesicle, and, if blood flows, the opera- 
tion should be suspended. The flow and appearance determine the ex- 
haustion of the virus supply; and should the color of the lymph undergo 
a change, it may be considered time to desist from further attempts to 
extract it. 

CompxiUory vaccinatio)i. — This subject is one which has received an 
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ixmisual amount of attention because of the popular excitement attendant 
upon the enforcement of laws that have met with decided opposition, 
especially in Great Britain. The English law compels the parents of chil- 
dren, within a period of three months after birth (or, should the parents, 
through illness or some other cause, be unable to do so, the person in 
custody of the infant), to take the child to the public vaccinator of the 
vaccination district in which it lives, who shall vaccinate it at once. A 
week later it is to be brought for examination, when, if the operation is 
found to be successful, a certificate is sent to the registrar, and a duplicate 
is given to the person in charge of the child. Should the child not be in 
condition for vaccination, a certificate to this effect is given to the custo- 
dian, but within two months a second visit is required. In cases where 
the child is vaccinated successfully by its own physician, a certificate must 
be transmitted to the registrar. For failure to comply with these regula- 
tions, a fine not to exceed twenty shillings is imposed when a child under 
fourteen years is found who has not been vaccinated. The workings of such 
a law have been in many respects very successful, though many lawsuits 
occur from time to time, and there has been much opposition in the way 
of anti-vaccination societies, which in many instances have paid the fines 
of obstinate members. The result of this work has been that " nearly 
three-fourths of the newly-born in Engla,nd and Wales have been vacci- 
nated," and during the years 18G5-18GC no less than "27,903 separate appli- 
cations were made for virus by private practitioners. Whatever may be 
the advantages of such a system abroad, it is certainly not suited to our 
own country, where cosmopolitan prejudices and a republican form of 
government exist. It has been found, especially in New York, that an 
appeal to the common sense or fears of the public is sufficient, and that 
force is worse than useless. The example of others is a powerful induce- 
ment to those who hesitate, and many of the ignorant people of the larger 
cities are impressed by the methodical manner of the vaccinator and the * 
kindly interest which he so patiently manifests. Every year that passes 
shows an increased readiness upon the part of the lower classes to be 
vaccinated, and perhaps even in' PJngland the persuasive method would be 
the best, as it unquestionably is here. 

II. SCAIU- KT F i: VER. 

Scarlatina is one of the group of exanthemata, and is a febrile disease, 
the product of a specific poison, which is reproduced during the progress 
of the affection. 

In addition to the characters which the different members of the group 
present in common, scarlet fever is almost always attended by sore-throat, 
which, at times, becomes so prominent a symptom as to establish a dis- 
tinct variety of the disorder. 

On the second day after the manifestation of the febrile symptoms, or 
sometimes later, a scarlet efflorescence generally shows itself on the fauces 
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and pharynx, and on the face and neck, lower part of abdomen, and flex- 
ures of thighs, very much in the order here given, but eventually spreading 
over the entire body, and disappearing, by desquamation of the cuticle, 
from the fifth to the seventh day. 

The disease follows a given course, is often accompanied with grave 
affection of some internal organ, and is very apt to be followed by im- 
portant sequelae. 

Most writers make three varieties of the disease, viz.: scarlatina sim- 
2)lex, in which there are the fever and rash, but scarcely any throat 
affection; scarlatina anghiosa, in which, in addition to the fever and the 
rash, the throat affection is the most prominent symptom; and scarlatina 
maligna, a name which is applied to certain cases of extreme violence, in 
which the system is at once overwhelmed by the force of the disease, or 
in whicli the symptoms evince an extraordinary degree of weakness and 
want of vital power on the part of the patient. 

There is also a fourth variety now recognized, which embraces such 
cases as present only isolated symptoms of the fever. This form is called 
scarlatina latens. Sometimes there will be sore throat and eruption only; 
other persons will, apparently, give no symptom whatever of the disorder, 
yet may possibly be going through an attack, and will have attention 
drawn to them only when they are attacked with anasarca and have haema- 
turia. In such cases the poison makes itself felt on the kidneys alone, 
and the dropsy which ensues is likely to be more severe, complicated, and 
fatal than that which follows the regular forms of the disease. 

One needs to be constantly on the alert ; for, taken altogether, scar- 
latina is more variable in its forms and symptoms than any other of the 
contagious exanthematous fevers, and its dangers are also more difficult 
to foresee. It is true that, even when the disease has raged extensively, 
the visitation has been so mild as to be almost without fatal cases; but at 
other times again it has assumed a dreadful virulence or malignancy, with 
a most fearful mortality. 

It is not always possible in this disease to determine the duration of 
the period of incubation, on account, oftentimes, of the constant com- 
munication of the well with the sick; also, though the time of contact 
may have been established, on account of differences of susceptibility. 
Trousseau held that it was necessary that the economy should be in a 
certain state of "aptitude" for the absorption of the poison to take place; 
and it has happened that, in a given family, weeks have elapsed before all 
the members have been attacked with the disease, although constantly 
exposed. On the other hand, many cases, in which the time of communi- 
cation is exactly ascertained, establish positively that the duration of the 
period of incubation is sometimes not more than twenty-four hours. 

The period of invasion is quite as indefinite, although, as a general 
rule, it is very short. It shows itself by a febrile state, lassitude, head- 
ache, and, occasionally, nausea and vomiting. This primary fever having 
lasted for one, two, or three days, the eruption appears. This runs a 
course of from six to eight days, and is followed by desquamation, which 
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begins with tlio decline of the eruption, and is normally completed by the 
end of the second week. 

There are certain other points in connectioji with scarlet fever which it is 
well to take into account as pertaining to the general history of the disease. 

First, with regard to the question of age, it has been said that children 
have been born suffering with the disease. This, however, is certainly a 
rare exception. From an inquiry, based upon a large number of cases, it 
has been shown that the liability is greatest between the ages of eighteen 
months and six years, especially in the third and fourth years. The lia- 
bility diminishes with age, however, and even after the fifth year the 
chances of contracting the disease diminish. In a more general way it 
can be said that children under ten are especially liable. Up to the age 
of twenty, males and females are equally affected, and after twenty it is 
more common in women. 

As one would naturally suppose, this disease spreads much more widely 
and with a larger mortality among the poor than among the wealthy 
classes. We also find it much more common in large towns than in the 
country, and it is about twice as fatal in poor, overcrowded districts as it 
is when the cases are isolated. It would seem as if endemic influences 
played a small part in its causation or spread. The disease is, perhaps, 
found to exist most extensively in low districts, and certainly high ground 
has nothing to do with the spread or existence of scarlatina ; sea-coast 
towns suffer as well as those situated further inland. 

Although scarlet fever is much more dangerous in a grown person 
than in the young, yet the mortality is greatest in the period of infancy 
and childhood, viz., from one to five years, and, for the reason stated above, 
that liability to the disease diminishes with age. 

The puerperal state predisposes to this disease and also increases its 
danger. 

Scarlet fever, contracted during pregnancy, is pretty certain to lead 
to an abortion, and it has even be known to be fatal within a few hours. 

It seems to be still an open question whether a woman, exposed during 
the puerperal period to scarlet fever poison, and contracting a fever, has 
scarlatina alone, or whether the fever developed is not a combination of 
true scarlatina and puerperal fever. It is natural to suppose, and the 
weight of evidence seems to favor the supposition, that in a pregnant 
woman the state of the blood is such that it must have a positive modify- 
ing effect on the specific poison and give to the new fever, when it de- 
velops, much of the character of puerperal fever. 

Scarlet fever belongs to no special season, yet it prevails chiefly in the 
spring and autumn. 

A person may have scarlet fever a second time, but it rarely happens. 

Dr. Willan, quoted by Aitken, says that out of 2,000 cases which he 

Mtended he witnessed no instance of a second attack. Still there are 

on record instances of even a third attack, but without mortality; and 

even death from a second attack is almost unknown, but one case having 

been reported. 

Vol. II.— 34 
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The contagion of scarlet fever is exceedingly active and far-reacliing, 
and yet at times it is uncertain in its action. Many children •will contract 
the disease when every precaution has apjxire)itli/ been taken to isolate 
them, while others again will escape, though most dangerously exposed ; 
and it has been also noted, in the extension of scarlatina, that certain 
towns are spared or lightly visited by the disease, while in others a great 
number of cases appear. 

The infecting distance, or the limit to which the poison may travel 
unaided, is exceedingly uncertain also; but experience has demonstrated 
that it is useless to attempt to isolate children who have the fever in a 
school or other large institution. To limit the disease, it is essential, in 
all such cases, to break up the establishment at once. The poison may be 
communicated directly, or it may be taken up from the atmosphere. It 
has been inoculated with the serum found in the vesicles of the millet- 
seed rash, and it has been contracted at great distances from the original 
source through the medium of " fomites " carried from the infected neigh- 
borhood. 

It is a specific poison, and always reproduces its like, though it may 
be associated in the system with almost every other form of poison. It is 
supposed to be absorbed by the various mucous membranes with which it 
may come in contact, and may develop within a few hours, or it may lie 
dormant for several days. 

" The disorder had attacked several persons in a large household. 
When it was fairly over, the house was left empty, and then (as was sup- 
posed) most thoroughly ventilated and purified. A year afterward the 
family returned to the house. A drawer in one of the bedrooms resisted 
for some time the attempts to pull it open. It was found that a strip of 
flannel had got between the drawer and its frame, and had made the 
drawer stick. This piece of flannel the housemaid put playfully round her 
neck. An old nurse who was present, recognizing it as having been used 
for an application to the throat of one of the former subjects of scarlet 
fever, snatched it from her, and instantly burned it in the fire. The girl, 
however, soon sickened, and the disease ran a second time through the 
household, affecting those who had not had it on the first occasion." (?) 

This brings us to the consideration of the means of conveyance. 

As in every disease, some individual part of the body is specially in- 
volved, so is it most natural that we should look to this part for the re- 
production of the special poison which is the originator of the disease. In 
scarlet fever we have the throat and skin particularly involved, and ex- 
perience warrants us in looking upon the epidermis and the epithelium of 
the mouth and throat as the most common means of propagation. These 
particles may be carried by the wind for short distances, or may in some 
manner get into the water drank or into the food eaten. Dr. De Chau- 
mont says he " found considerable quantities of epithelium " in the air of 
a backyard of a London hospital. Of course, ail clothing, rags, etc.. are 
most apt to hold such debris, and must be specially avoided until disin- 
fected. Letters have also been known to carry the poison, and so has 
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milk. In the latter case it has been supposed that persons ill with scar- 
let fever, or only convalescent, have been employed in dairies, and that 
some portion of epidermis or discharge from the throat has been allowed 
to reach the milk. 

Jn investigating a case, we should, therefore, inquire particularly con- 
cerning contact, direct or indirect, with some contaminated person or place. 
Though so essentially contagious, scarlet fever is less so than measles or 
small-pox, and there are many more people who resist scarlet fever than 
there are who resist measles. Very few people, in fact, escape measles, 
while but a comparatively small portion of our population has scarlet 
fever, though it would seem otherwise from an inspection of health statis- 
tics. The explanation is, probably, that cases of measles are not reported. 

It is not possible to accurately limit the time during which the pa- 
tient's infective power lasts. It is safe to say, however, that it begins with 
incubation, and lasts through desquamation, attaining its maximum during 
this process. It is thought that the contagious property is, as a general 
rule, destroyed or dispersed within a month, though there are many cases 
which go to prove that it possesses the power of communicating the infec- 
tion even after much longer lapses of time. It lurks about an apartment, 
or clings to furniture and clothing for a very long time, even after some 
care has been taken to purify them. Prof. Flint, in his Practice of Medi- 
cine, mentions a striking case in point. Watson, also, in his Practice of 
Physic, has one which is well worth quoting, as showing how an apparent 
trifle may be overlooked, and yet prove sufficient to light up a fearful ill- 
ness with all its first intensity. (See case on previous page.) 

Several unusual sources of contagion are mentioned by various writers. 
Carpenter announces the theory that the contagion may arise from emana- 
tions from slaughter-houses or ground fertilized by olfal. This is disbe- 
lieved in by Thomas (Ziemssen's Cyclopredia, Vol. II., p. 198), who says 
that in houses where the privies and sewage are being repaired, no in- 
crease in the amount of disease is ever perceived, and he believes that 
the only influence of the offensive odors from ground manured in this way 
is predisposing. 

Kp'ulemic cliaracter. — Scarlet fever, like other diseases of the same 
nature, is apt to occur in " epidemics " in which there are many aggravated 
cases — the so-called " severe " epidemics of Thomas. Another type of a 
mild nature has been described. In this latter form the mortality is light, 
though the number of cases may be great. This variation is supposed to 
be due to local influence, though mixed epidemics are not unfrequently 
seen in wliich " mild " and " severe" forms of disease prevail in different 
towns. 

The spread of the disease in a community is very irregular. It is 
rarely sudden, never characterized by abrupt changes, but is gradual. 
The reported cases are but few at first, and afterward more numerous, 
while variations in the weekly returns are the rule. A sudden rise in the 
number or a fall is to be looked for, but the disease seems to wear itself 
out, taking a very long time for final disappearance. 
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Scarlatina and measles ma}' coexist in an epidemic form, and Kost- 
lin, a continental writer, has observed in Stuttgart the appearance of an 
epidemic of measles as a forerunner of scarlet fever, and argues that it is 
a preparative disease. This does not appear in American statistics, 
though these show a greater or less coexistence of the two diseases, which 
vary in proportion. 

TIL— Mkaslks. 

Measles, whicli is one of the less serious contagious eruptive fevers, 
has an incubative stage, lasting from a week to ten days, though it may 
occupy a somewhat longer period. This is followed by a 2:>reiaonitorii 
stage, or stage of invasion, which lasts three or four days or longer, and 
this is followed by the stage of eruption, which occupies about the same 
period of time. The stage of invasion is characterized by the ordinary 
febrile symptoms which appear in other diseases of the same general class. 
There is moderate increase in temperature, bronchial catarrh, coryza, 
some cough, and other indications of a congested condition of the mucous 
membrane of the nasal and respiratory passages. The eruption appears 
at first in the face, the forehead being covered with a millet-seed eruption, 
which becomes papular, but never prominent. The rash has often a 
crescentic arrangement which is very marked. It afterward extends to 
the trunk and limbs in successive crops, meanwhile fading out to some 
degree above. It is not vesicular, except in severe cases, and is of a 
bright color, though it is sometimes dark, when it is known as hemor- 
rliagic. The color may be removed by pressure beneath the finger, and 
when such pressure is remitted, the original hue returns. 

It disappears, as a rule, very rapidly, a day or two often being suffi- 
cient for the appearance and recession of the eruption. 

Conjunctivitis, severe coryza, bronchitis, and other like symptoms, 
usually become more decided as the rash becomes fully developed. 

Several varieties of the disease have been spoken of. There is a form 
without catarrh, one in which the eruption has a bluish tint, and others 
of milder type, in which the eruption is not marked. 

Spread and influences which govern it. — Measles, like scarlet fever, is 
a disease of infancy, and perhaps deserves more the name of an epidemic 
exanthem than either small-pox or scarlet fever. It is generally very 
easily communicated to others, and perhaps is more often conveyed by 
atmospheric contamination than scarlet fever, because of the furfuraceous 
scales which are so easily and freely disengaged from the patient's body. 
Like scarlet fever and small-pox, it may be conveyed by articles of clothing, 
and the virulence of the infection lasts even after a great length of time, 
though Mayr denies this. The discliarge from the nose has been found to 
carry the poison, and successful experiments have been made by Mayr, 
who inoculated children with the nasal mucus, and produced the disease. 
The contagion has been carried by letters. The school-room is the place 
where the disease is often contracted, and personal contact, or a brief ex- 
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posure to the air of the sick-room, is sufficient to do the mischief. Jt 
seems to be a disease of cold weather, as statistics show. 

In the city of New York, the average mortality was as follows for the 
Hve years, 1871, 1872, 1873, 1874, and 1875: 

Mortality for the Summer quarter 81. -4. 

" Autumnal " 35.5. 

" " Winter " 106.2. 

" " Spring " 109.G. 

This agrees with the statement of Aitken, that measles " break out 
most readily in the beginning of winter, increase till the vernal equinox, 
and then tend to subside toward the summer solstice." 

Like other diseases of this class, it has been found that one attack 
usually protects the patient against a second; and this is the rule, though 
occasional exceptions have been met with. 

Nature of the poison — Inocidah'dity. — Numerous experiments have 
been undertaken to determine the inoculability of the poison; but such 
negative results were obtained, that the process was abandoned. Dr. 
Salisbury advanced the theory that a fungus was formed among mouldy 
straw, and that this was the cause of the outbreak of measles among sol- 
diers during the late war. He went so far as to promulgate the theory 
that inoculation with this fungus produced a disease which protected the 
person against measles (Parke). Dr. Woodward, in a series of experi- 
ments, has been unable to endorse Salisbury's conclusions. Various 
German experimenters are said to have found micrococci in the sputa and 
l)lood of patients with measles. 

As far back as 1758, an attempt was made by Home, in Edinburgh, to 
inoculate with the blood of patients suffering from measles. Rags soaked 
in blood from a person sick with the disease were suffered to lie vipon the 
arm of a healthy person for three days. A mild attack was subsequently 
produced. In Germany, Italy, and England, inoculation was tried, but 
generally with indifferent success. As a prophylactic measure, however, 
it has never been successfully applied. 



IV. — WuooriNG-couGii. 

Tiiis affection is one of a somewhat peculiar luvture, as its striking 
symptoms are those indicative of respiratory disturbances. 

Whooping-cough begins usually as a common cold or primary catar- 
rhal affection, which lasts for a period varying from one or two days to six 
weeks, and is expressed by sneezing, chest oppression, profuse lachryma- 
tion, and some fever, which is often quite high. 

With the subsidence of fever the patient becomes troubled with the 
peculiar cough which has given to the disease its name. There is at first 
a feeling of oppression in breathing, with some chest pain, and then fol- 
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lows the paroxysm of coughing. Such a cough consists of a primary 
sharp and sudden contraction of the diaphragm with forcible expulsion 
of air from the lungs; a secondary relaxation of the diaphragm and deep 
inspiration, during which the peculiar whoop, or sound, is made by the 
patient. This action is repeated several times in succession, or, after an 
interval, occurs again, and the sufferer coughs up some glairy mucus. A 
paroxysm of coughing is usually followed by the vomiting of the same 
thick, viscid liquid mixed with the food that may be in the stomach. 
There may be an admixture of blood, from some vessel broken during the 
coughing fit. Such j^aroxysmal attacks may in severe cases recur every 
fifteen or twenty minutes; but in the average case the interval is much 
longer. The stage characterized by the appearance of the cough lasts 
usually for five or six weeks, when the paroxysms grow weaker and are 
separated by longer intervals. Gradual convalescence, attended by slight 
cough and expectoration, and cessation of vomiting, then follows. 

The cough is so peculiar that it can hardly be mistaken for that of any 
other disease. 

Tlie nature of the poUon and its diffusion. — There can be no doubt 
that whooj^ing-cough is due to the reception into the system of a poison 
which, if not possessing the virulence of those of small-pox and scarlet 
fever, is quite easily transmitted from one person to another by infection 
or contagion. It is probably communicable during all stages of the disease, 
but most so during the second stage; and the contagion is probably given 
off by the breath. One attack usually protects against another. The dis- 
ease is generally spread by infection, though the transmission of the poison 
may take place by clothing or other fomites, as is apt to occur when boys 
return from infected schools, carrying the disease to members of their own 
families at a distance. Coldness and dampness favor its development; 
and the accidents of childhood — dentition, foul air, and imperfect nour- 
ishment — all predispose to the development and spread of the malady. 
During the winter season it is quite apt to be associated with pneumonia 
and other pulmonary diseases. 

Its complication vnth other contagions affections. — It is a matter of 
speculation whether whooping-cough does not belong to the class of dis- 
eases which include epidemic influenza and hay-fever in the human sub- 
ject and the so-called epizootics among animals. The features of the 
so-called pleuro-pneumonia, which in tliis country has recently appeared 
among cattle, resemble very niucli those of the ordinary whooping-cougli 
of infancy in the human subject. During the years 1872-73 a well charac- 
terized epidemic of epizootic influenza prevailed very extensively through- 
out the United States, and at the same time whooping-cough was quite 
prevalent; and the mortality during 1873 was twice as great as in 1873, 
and much greater than in any subsequent year. Scarlet fever, measles, 
or small-pox is sometimes associated with whooping-cough ; but such 
complications are fortunately rare, for they are correspondingly fatal. It 
has been found that when the disease prevails to any great extent, the 
mortality is higlier than when but a comparatively small number of cases 



SMALL-POX AND OTHER CONTAGIOUS DISEASES. 



535 



exist, and that the death-rate is much higher in winter than in any other 
season. 



The Sanitary Management of Scarlet Fever, Measles, and other 

Contagious Fevers. 

Many of the general rules for isolation, which have before been 
spoken of in connection with small-pox, may be applied in the man- 
agement of the above eruptive disorders, especially scarlet fever, which 
is probably a much more serious contagious eruptive affection than 
any other. Children with scarlet fever should be promptly taken from 
school, and kept at home for certainly one month after the appearance of 
the initial stage. Other children should be kept away from the patient, 
and the visits of friends discontinued. A large, warm, airy room, at the 
upper part of the house, should be chosen, and this should be well venti- 
lated. 

In case of death, public funerals should be forbidden, and every pre- 
caution should be taken to prevent the intercourse of servants or members 
of the household with persons outside of the house. 

Dr. Budd has shown that the way to prevent the spread of scarlet 
fever is to attack the skin from the very first, to destroy the jjoison in 
the epidermis, or, failing in that, to prevent the breaking up and passage 
into the air of the particles of the detached epidermic scales. Inunction 
with lard, vaseline, or some substance which should contain a small por- 
tion of carbolic acid, is to be performed as often as is necessary. This is 
not only a soothing aj3plication, but prevents the detacliment of cutane- 
ous particles. 

The liberal use of disinfectants in the sick-room is absolutely necessary. 
For this purpose carbolic-acid solution (a drachm to a pint) is to be used 
freely, and may be added to the water in which clothing is washed. Condy's 
fluid and sulphate of iron placed in shallow vessels are excellent oxidizing 
agents, and the floor may be sprinkled with a solution of bromo-chloralum. 
The throat and mouth of the patient may be washed with a weak solu- 
tion of the chloride of soda or sulphurous acid. 

The agency of heat should be sought when it is desired to destroy the 
germs in clothing, and the bed linen or wearing-apparel of the patient 
should be soaked in hot water or baked in an oven. Fumigation is 
generally all that is required during convalescence, and we may use 
sulphur in the manner detailed on page 523. Parkes states that 1 lb. of 
sulphur to say 1,000 ft. of cubic air space is necessary. 

As to washing the walls, little is to be said in addition to what has 
been before stated. 

Soiled clothing should never be transported in public conveyances nor 
sent to public laundries. 

The same directions hold good for measles. The vessels which are 
used in the sick-room should contain some disinfecting substance, and 
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chloride of zinc has been recommended. The chloride of soda is equally 
good, if not better, and its use is attended by no great danger of acci- 
dental poisoning. The rags used about the patient's nose and mouth 
should be promptly burned. 

As to the sanitary management of xohooping -cough, little is to be said. 
Isolation is probably the only safe precaution, and so long as the pathology 
of the disease remains a matter of doubt, as it is now, we cannot suggest 
other preventive measures. It is well to destroy the cloths used about the 
face, as above recommended. In many cases free ventilation has checked 
the spread of the disease in certain houses, and this is to be advised. 

Prophylaxis. — Beyond a good sanitary condition of the patient and 
his surroundings, nothing is known in regard to such prevention. Inocu- 
lation is decidedly questionable, and vaccination, which was recommended 
as a preventive in whooping-cough by the older writers, is useless. Bel- 
ladonna, so much praised by some, has not been proved to possess any 
propliylactic virtues against scarlet fever. In all cases children should be 
prevented from kissing each other indiscriminately as they so often do. 
They should be kept from places of amusement at times when these dis- 
eases prevail. All soiled linen should be washed and laundried at home. 
Warm clothing, protection from draughts, and avoidance of sudden 
changes of temperature, are to be recommended, and it is well in time of 
" epidemic " to even move to other towns if the cases of disease in the im- 
mediate neighborhood be at all numerous. 



The Hygiene of Syphilis. 



F. R. STURGIS, M.D., 

OUNICAL LECTURER ON VENEREAL MSEASES IN THE UNIVERSITV OF THE ClII OF NEW YORK, StTBGEON 
TO CHARITV HOSPITAL, ETC., ETC. 



THE HYGIENE OF SYPHILIS. 



Introductory. 

In presenting the facts contained in tliis brief paper upon an important 
subject, I shall, I hope, be excused for prefacing- them by a few words of 
explanation. The sole apology I have to offer — if apology be requisite 
for intruding a subject which, even at the present day, is considered as 
tabooed, and which, from sentimental or other grounds, is regarded as 
unfit for legislation or repressive action — is its importance, and tlie shock- 
ing results flowing from its ignoral, to tlie well-being and interests of the 
public health. 

Very few people outside of the medical profession realize, or indeed 
know, how insidiously the disease may attack, or in what apparently in- 
nocent ways it can be contracted or propagated; and in this article I shall 
try to show some, if not all, of its dangers, and review the means adopted 
for its restriction. I do not propose to commit myself to the approval of 
any plan or method looking to this end; for what in one country may an- 
swer well enougli, will not in another, from a variety of circumstances; 
and because at present I regard the question of the repression of prostitu- 
tion as far from being settled. I shall, therefore, consider the subject 
under the following heads: 

1. The contagious character and danger resulting from the disease. 

2. Its effect upon health and longevity; and, 

3. The means adopted for its control. 

TJxe Contagious Character and Danger resulting from the Disease. 

Apart from its capacity of propagation by coitus, there are many 
methods by which the disease can be conveyed by the syphilitic person to 
others, and that too in the most innocent ways. Not only in the primary 
form is syphilis contagious, but many of its subsequent manifestations are 
also dangerous. It is now clearl}' shown that the secretions of the lesions 
known as mucous patches of the nuicous membranes and of the skin are 
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endowed witli tho power of infecting healthy persons; and, in addition to 
these, the blood, within the first twelve months of the disease, if not loTiger, 
is another source of danger. Hence we can readily see that where these 
" mucous patches " are seated upon the lips or upon the tongue, kissing, 
using articles of the table, a pipe, or anything else which has been brought 
in contact with these lesions, may, under certain conditions, give rise to a 
similar disease in a previously uninfected person; and the pages of medi- 
cal literature abound with interesting cases of contagion derived from 
such sources. In addition to the above-mentioned causes, I may mention 
the following: the suckling of a healthy infant by an infected nurse, or, 
vice versa, the suckling of a syphilitic infant by a healthy nurse, has 
been the means of spreading syphilis through an entire family, and even 
to the friends; vaccination with impure matter derived from syphilitic 
subjects, especially when mixed with the blood; the rite of circumcision 
as performed in the old and orthodox Hebrew manner mentioned by 
Ricord; and the process of tattooing. This last case, reported by ])r. 
Maury, of Philadelphia, is a peculiarly singular one, and calls attention 
to a hitherto unnoticed method of conveying syphilis through an ex- 
tensive range of cases. A tramp, the subject of syphilis of the mouth 
(mucous patches), picked up man}'- honest pennies during his sunnner 
jaunt by tattooing the natives of the various villages through which he 
passed, leaving behind him, besides his artistic designs, an unpleasant 
reminder of his sojourn by giving syphilis to many of his patrons. This 
was done through the saliva, which he used to wet his paints, being mixed 
with the secretions from his nmcous patches, as well as from his moisten- 
ing his needles directly with his lips. 

No one who sees much of syphilis can fail to be impressed with the 
dangers which arise to the public health from this disease; and the daily 
large attendance of syphilitic patients at the clinics of the dispensaries 
and hospitals of this city attest to its wide spread. Not only is this 
visible in the classes and wards devoted to this kind of disease, but its 
ramifications can be traced in various directions where many diseases ap- 
parently unconnected with syphilis owe their origin to this detestable and 
horrible scourge. 

In 1874 I had the honor to read before the American Public Health 
Association, at Philadelphia, a paper calling attention to the relations of 
syphilis to the public health, in which, from investigations of various 
sources, I estimated that in 1873, out of a population of 9-42, 2U2 persons, 
50,450 were suffering from syphilis in New York City. I believe this 
number to be under rather than over the true amount; but, be that as it 
may, it is sufficient. This represents only the civil population. The re- 
port of the Mercantile Marine of New York City shows a still worse state 
of things. During 1872 and 1873, the total number of patients treated 
was 24,(345, and of this amount 3,770 were due to syphilis. If (ill the 
venereal cases are considered in the above sets of figures, the number be- 
comes still larger: for New York City, Gl,705; for the mercantile marine 
service, 4,170. 
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In collecting fio-ures for the j^urposes of illustrating this subject, it is 
impossible to be accurate; all that can be hoped for is a tolerably correct 
estimate; and this is evident when the difficulty of obtaining trustworthy 
returns from inaccurate registers is remembei-ed. Still, with all this, my 
figures are of some service in showing how widely spread syphilis is 
in this city, more so than in Paris, where efforts are made to keep the dis- 
ease in check. The figures given by M. Lecour, who in 1870 was one of 
the chiefs of the prefecture of police at Paris, are 48,980 syphilitic per- 
sons in a population of 2,000,000 people. 

Left, as this disease is, to itself, without any attempt to check or con- 
trol it, the thought that in this city 50,000 cases are going about, many 
of them in a condition favorable for conveying the disease, is an appalling 
one. Nor is this all ; for when we consider that infection, when conveyed 
to the wives of the victims, as not unfrequently is the case, means the 
blighting of the ovum and death to the fcxitus, it becomes a serious ques- 
tion whether the state is not justified in interfering in behalf of the 
public health. 

In the paper already mentioned I have given a set of tables showing 
that, in a given rmmber of cases of inherited syphilis, the proportion of 
deaths to those born with the disease was enormous. Thus, in 1871, in 
London, the percentage of deaths under five years of age to total of 
deaths from syphilis was over 89. In New York and Philadelphia, for 
the same year, they were respectively over 84 and 63. Here, then, we 
see one of the most disastrous effects of syphilis; for although at present 
the number of syphilitic infants is in small proportion to the number of 
births, the mere fact that so many are born with and die of a disease 
which might in a great measure be prevented, hardly needs comment. As 
regards the acquired form of the disease, the mortality is less to be de- 
plored; indeed, statistics furnish us with very few deaths from that cause, 
possibly due to the disgrace attaching to this disease as a cause. Many 
physicians' believe that a much larger proportion of deaths is due to syphi- 
Hs than really appears; and although this may perhaps be true, there is 
not sufficient evidence as yet to attest it. I am inclined to believe that 
the danger to the public health arises more from its effect upon the con- 
stitution than from the fatality which characterizes it — I mean in its 
acquired form. In the inherited variety its fatality is very marked. 

Its Effect upon Health and Longevity/. 

As regards this point in the natural history of the disease, I think 
there is much ignorance. Syphilis is essentially a chronic disease, is liable 
to attack every tissue in the body, and its later manifestations often 
appear so long after the early symptoms, as to cause its connection with 
many diseases to be overlooked. Thus, grave and deep-seated affections 
of the eye, serious lesions of the nervous system, and many maladies of 
the viscera depend upon this disease as their origin, and yet are overlooked, 
either because the earlier syphilitic symptoms have escaped notice or be- 
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cause the patient has been ignorant of their connection with syphilis. 
And yet these same diseases may be sufficient to incapacitate men from 
work, to blast their lives, and make them dependent upon the charity of 
friends or strangers, without affording them the miserable gratification of 
release by death. Any surgeon can recall such cases from his own ex- 
perience, and the mere fact that they do not occur more frequently than 
they do offers no excuse for the failure to take measures looking toward 
the repression of the disease. Its effect upon longevit}"^ (I refer of course 
to the acquired form) is, as already stated, quite small. For example, 
in London, during 1371, the number of deaths from syphilis was 352 in 
a total of 80,434. In New York, for the same year, 142 out of 20,976 ; 
and in Philadelphia, 19 out of 16,993. That is what official documents 
furnish us, and until we have something more trustworthy, I suppose we 
must consider these figures as fairly correct. So, in regarding this ques- 
tion of syphilis in relation to hygiene, we must take into account prin- 
cipally its ravages among infants and its expense to the community at 
large. 

Means adopted for its Control. 

In nearly every country of the civilized world, with the exception of 
England and the United States, legislative methods have been adopted for 
the repression of prostitution and its attendant disease, syphilis. In these 
two countries, from sentimental reasons, no systematic efforts have been 
made looking toward supervision of prostitutes, with the result of allow- 
ing the disease to spread unchecked and to render the names of their 
two chief cities a by-word among foreigners for the license which is 
allowed. But apart from any question of sentiment, the problem be- 
comes an exceedingly interesting and complex one, for evidently the ob- 
ject of supervision is to eradicate the disease, or at least to deprive it of 
much of its capacity for mischief. One point to be borne in mind in con- 
sidering the action of European countries in this direction is, that the 
conditions of society are entirely different. Nearly all of them keep up 
large military establishments, where the men are under more or less com- 
plete supervision, and where the source of their disease can as a usual 
thing be easily traced. Anything affecting the health of these men of 
course makes a difference to the state, inasmuch as during their illness 
they render no service and are merely an expense, and the state, from 
motives of interest, would do its best to promote their health. Hence the 
registering of public women becomes an important and necessary step, and 
particularly so among that class most frequented by soldiers and sailors, 
and for two reasons : in the first place, by frequent examinations to pre- 
vent the recurrence of disease; and, in the next place, to control its spread 
when present. But with all the care and precautions taken, much disease 
exists even in the city most noted for its efforts for control, as can be 
readily seen upon perusal of M. Lecour's work " La prostitution a Paris 
et a Londres." Most of this trouble comes from the class of clandestine 
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and not from the registered women, and it is this former class Avhich is the 
most dangerous and the most likely to prove refractory to all legislation. 
In England the brief operation of the Contagious Diseases Act seems to' 
have worked fairly well in the ports in which it has been tried; while in 
St. Louis, the only city in this country in which it has been tried, its 
operation has been too spasmodic and of too short duration to be of much 
account. In discussing any plan for the regulation of prostitution, one 
important point should be borne in mind, viz., that no known system of 
control has ever yet eradicated the disease. All that can be hoped for is 
to mitigate the severity of the disease, to keep it within certain limits, 
and to check its extension. In garrison towns or at naval stations a 
proper control over public women would be of decided benefit to the ser- 
vice, inasmuch as the disease could be arrested by the detention in hospital 
of the woman giving it, and this could easily be effected, either by the 
information derived from the patient or from the weekly examination to 
which all public women are subjected under such circumstances. But in 
a country like the United States, which does not pretend to be a military 
nation, and where there exists such a tender regard for the liberty of the 
subject, the advantage of such legislative control is open to question, 
particularly when wc remember the abuses which might arise in the hands 
of dishonest or negligent officials. I think that New York would be un- 
doubtedly benefited by a proper law looking to the regulation of public 
women and to their detention in hospital when found diseased, and this 
rule should be extended to all such who by attendance upon the public 
hospitals or dispensaries can be considered as objects of pubHc care. But 
there is one danger to be apprehended in this regard : many women 
would refuse to enroll themselves as the inmates of a regular house, pre- 
ferring to live in their own quarters, and, while nominally pursuing some 
trade, really practising clandestine, and, therefore, dangerous prostitution. 
In Paris a woman of this class, upon being arrested for the first time, is 
taken to one of the prefects of police and given her choice of returning to 
an honest mode of life or inscribing herself as a registered prostitute : if 
she elects the former, she is sent home to her friends; if the latter, she is 
inscribed, and henceforth has to submit to the regular examinations and 
police regulations. If, on the other hand, she be caught a second time as 
a clandestine prostitute, no choice is given her, and she is obliged to be- 
come enrolled. Here in New York the police quickly acquire a knowledge 
of the rough and dangerous characters in their precinct, and could speedily 
check, if not actually break up, the vast amount of clandestine prostitution 
which now goes on in this city. There is one point, however, which may 
be urged against the adoption, certainly at the present, of any legislative 
interference Avith this evil, and that is the extreme liability of abuse. 
The power Avhich would be conferred by any act of this kind would be 
enormous ; and certainly the conduct of officials in the United States is 
not such as to induce the public to place any more power in their hands 
than is absolutely requisite, and for that reason, if for no other, I think 
that legislative interference in this direction will meet with but slight ap- 
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proval. For the checking- of such cases as mig-ht occur of a simihir nature 
to the one related by Dr, Maury, power might be conferred upon the police 
to arrest all vagrants on suspicion, have them examined, and, if found dis- 
eased, committed to hospital until they were well; but as regards the im- 
portant part of regulating the public commerce of the sexes, but little 
will, 1 believe, be accomplished until a decided change takes place in the 
feelings and customs of the country. 



DISI^^FECTA^^^TS. 



BY 

ELWYN WALLER, Ph.D., 

CHEMIST TO THE METROPOLITAN BOARD OF HEALTH, 

NEW YORK. 



Vol.. II.— 35 



DISINFECTANTS. 



AmoxCt the numerous diseases to which liuman beings are subject is 
a certain class known as zymotic, supposed by many to be caused by the 
introduction into the system of certain germs of vegetable origin and 
nature. Without here discussing the questions involved in the contro- 
versies respecting the germ theory of disease,* it may be safely asserted 
that some close connection exists between the diseases called zymotic and 
the presence of decomposing animal matter." 

The process of decomposition is of the nature of a fermentation, fos- 
tered by the presence of minute organisms.^ Although all decompositions 
of the sort may not at all times produce disease, still the presence of de- 
caying matter (especially of animal origin) aids the spread and mainte- 
nance of a zymotic disease in a community/ This fact has been observed 
from ancient times.* 

The bad odor from putrefying material constitutes something of a 
safeguard to warn us of the presence of possible danger; but, since infec- 
tion may perhaps exist without perceptible odor, that indication cannot 
be implicitly trusted. 

The gases produced by decomposition are composed of sulphur com- 
pounds, of which sulphuretted hydrogen (hydrosulphuric acid) may be 
taken as a type, ammonia and other nitrogenous compounds similar in 
constitution, carbonic acid gas (carbon dioxide), and in smaller amounts 
various compounds of hydrogen with carbon and phosphorus." So far 
as our knowledge of these compounds goes, none of them (though more 
or less unwholesome) can produce diseases of the zymotic type. In the 
examination of disinfectants, the power of destroying or absorbing these 
gases is alwaj's taken into consideration, and if we consider that their 
presence in the atmosphere above putrescible material indicates that 



' Vid. Dalton : Origin and Propagation of Disease, Am. Chem. , IV., 373. 

^ Coze and Felz : Recherches chimiques et exper. sur les maladies infectueuses, 
Paris, 1873. Davaine: Bull. acad. med. , Sept., 1873. Liebig: Chemische Briefe, 
1865. Frankland: Proc. Royal Soc, Vol. XXV., p. 543. Fischer: Dingl. Polyt. 
Journ., CCXIV., 477, etc. 

^ Cohn: Beitrage zur Biologie der Pllanzen, 1873, No. 3, p. 137. 

*R. Angus Smith : Disinfectants, Edinburgh, 186$), p. 30. 

*Digesta. Just., Lib. XLIII., tit. 33, and elsewhere. 
Manumene : Comptes rendus, LXXXV. , 533. Popoff : Arch, f iir gesammt. Physiol, 
der Menschen und Thiere, Vol X., p. 113, and others. 
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putrefying processes are going on, and from those processes we h;ive to 
fear the inception of disease, the estimation of disinfectants in accordaiu-e 
with their powers of deodorization will not appear altogether irrational. 

The conditions of human life are such that we are continually exposed 
to these dangers, and when any one falls a victim to them the danger is 
augmented, since the virus of infection appears to gather increased viru- 
lence from its passage into the animal organism.' What we need, then, 
is, first, preventive measures, such as properly constructed sewers, etc. ; 
but, if these cannot be obtained, or if they are improperly constructed, 
some agents to destroy or lessen the dangers referred to are necessary 
— in short, we must use disinfectants. 

By a disinfectant is meant, first, a substance which destroys or renders 
inert that which produces disease, whether of an infectious or contagious 
type; and, secondly, a substance which arrests those putrefactive pro- 
cesses in decomposable material, which foster or perhaps produce the 
germs, gases, or vapors that induce disease in the human organism. An 
antiseptie^ on the other hand, is a substance which jDrevents decay in ma- 
terial that is liable to decomposition. From this it will be seen that the 
use of disinfectants is upon material already in process of forming germs 
or gases which may be dangerous to the well-being of man, while anti- 
septics are used upon such substances as may pass into that state, but as 
yet have not done so. The use of vinegar, alcohol, sugar, and salt in the 
household, as well as drying, the employment of cold, and the exclusion 
of air, are familiar examples of the application of antiseptics. So also is 
the use of corrosive sublimate (mercuric chloride), and arsenic in embalm- 
ing, as practised at the present time, and in the preservation of medical 
specimens. All disinfectants are necessarily antiseptics in their action, 
and possibly sufficient quantities of antiseptics will also act as disinfect- 
ants. The mercury and arsenic compounds just mentioned are very pow- 
erful disinfectants, though they are almost exclusively used as antiseptics. 
Indeed, unless disease or putrefaction actually is present, disinfectants are 
used for their antiseptic action, and their use in that way is by far the 
most advantageous. 

Since the masses of material which we may have occasion to disinfect 
are usually large, we naturally seek out those substances for disinfectants 
of which a comparatively small amount will exert a disinfecting influence 
upon considerable quantities of material. 

The disinfectants at present in use are all more or less poisonous; some 
indeed so poisonous that the mere handling of them is a source of danger 
for those unacquainted with their properties or the precautions necessary 
in handling them. 

The destruction or removal of animal refuse and excreta is no doubt 
the safest plan; but since such destruction or removal may not be at all 
times possible in a household or community, the question arises, how can 



' Gietl : Gedrangte Uebersicht meiner Beobachtungen iiber die Cholera vom Jalire 
1831 bis 1873, Munich, 1873. Onimus : Bull. acad. med., Sept. 17, 1873. 
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the putrid fermentation be prevented ? This involves tlie question of the 
conditions favorable or necessary to putrefactive changes. These condi- 
tions have been found to be the presence of moisture,' a temperature not 
under 55° Fahr. or thereabouts, and Jiot over 100° F.,* and a certain propor- 
tion of oxygeji^ combined with a certain freedom of motion of the atoms 
in the putrescible mass.* The process of drying- putrescible material will 
therefore prevent putrefaction. Even if putrefaction has commenced, it 
may be arrested by this means. But since it has been proven that dried 
material may again enter into decomposition, as soon as the moisture and 
the' other conditions are restored, desiccation cannot be regarded as any 
other than an antiseptic process which suspends the vitality of the organisms 
taking part in the putrefactive changes. A further illustration of this is 
afforded in the results of experiments upon the virus of some connnuni- 
cable diseases. The virus of vaccina, glanders, and a few other diseases 
have been found to retain their powers for an indefinite time when dried. 

Extremes of temperature also interfere with and arrest putrefactive 
changes. The limits of temperature given, 55° to 100° F., are of course 
only approximate. The use of cold as a preservative for articles of food 
is so well known as to require but a passing mention. Freezing, however, 
like drying, has been found to cause a suspension of animation in the 
organisms of putrefaction, and wherx warmed they again start into activ- 
ity. It is barely possible that prolonged exposure to very low tempera- 
tures may kill these organisms, but no satisfactory results have been ob- 
tained as yet in this manner.^ Heat, on the other hand, when carried to 
a certain point, has been found to be fatal to such organisms. Here the 
element of time plays a certain role. A short exposure to a comparatively 
high heat, or long exposure to a lower temperature, has been found to 
destroy infectious or putrefactive organisms.® A resume in tabular form 
(see Tables on following page) of some results arrived at in this connection 
may serve for illustration. At the same time it shows the difference in 
effect between dry and moist heat as an important element in the pro- 
cess. 



'Davy: Phil. Mag-., 185G. Rogers: Dingl. Polyt., CXI.. 318. Salmon: Ibid., 
LVI., 898. Soldau : Notizblatt des Hannov. Gewerbever. , 1845, No. 3, etc. 

R. Angus Smith : Disinfectants, Edinburgh, 1869, p. 56. Schutzenberger : Fer- 
mentation, International Sci. Series, p. 230. 

* Traube and Gscheidlen : Beitrage der AUgemeinen Zeitung, 1874. 

* Liebig's view (Chemische Briefe, 1865) of the propagation of putrefaction and 
disease was that it took place through the medium of organic decomposing matter 
capable of communicating its action by its own activity. The idea contained in this 
statement of his views is not altogether in accord with the germ theory of which 
Pasteur was the great exponent, yet all students of the subject have recognized the 
fact that the instability of a compound, and hence a facility of motion of the atoms 
composing it in respect to their neighbors, is a necessary condition of putrefaction. 

^ The destruction of cholera, when epidemic in a community, by sharp frosts, is 
worthy of attention in this connection. 
« Roberts: Phil. Trarus., 1874, Part II. 
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VIRUS, ETC., DESTROYED. 



Virus, etc., experimented on. 



Putrefactive fermentation. 

Lower organisms 

Vaccine 



Most infectious diseases . 

Glanders 

Hydrophobia 

Scarlet fever 

Small-pox 



Tempera- 
ture, Fahr. 



13G° 

140' 

266° 

230° 

180° 

172^ 

150° 

140° 
194°-203° 
185°-194° 46 
112°-140° 

134° 

134° 

204° 
230°-250° 



4 hours. 
2 '• 

2 " 

3 " 
34 minutes. 



Anthrax (charbon) . . . 

(.1 

Virus of putrid blood. 



6 hours. 



118^° 15 minutes. 

122° ilO " 

124° I 5 " 

320° i 4 " 



Remarks. 



Observers. 



Dry heat. 
Moist heat. 



ICohn.' 
jEidam.* 
} i Paris Commission of 
Acad, of Sciences. 
Henry. ^ 



Baxter. 



Dry. 
Moist diluted. 
" undiluted. 



Erdt.= 



Henry. 

Various health offi- 
cersinGt. Britain.*^ 
Davainei ' 



Felz.« 



VIRUS, ETC., NOT DESTROYED. 



Virus, etc., experimented on. 


Tempera- 
ture, Fahr. 


Time. 


Remarks. 


Observers. 


Putrefactive fermentation. 


122° 






Eidam. 


Vaccine 


120° 


3 hours. 




Henry. 




167°-176° 


47 minutes. 




Baxter. 


Anthrax (charbon) 


212° 


5 " 


Dry. 


Davaine. 


Virus of putrid blood 


176° 






Felz. 



The nature of the media in which the virus exists also has an influence 
upon its destruction by the agency of heat, and also by other agents.^ 

The presence of a small amount of oxygen is usually also a necessary 
condition for putrefactive fermentation. With regard to some kinds of 
putrid fermentation, it has been asserted that the presence of oxygen is not 
only not necessary, but acts as a preventive.'" For some kinds, however, a 

' Beitrage zur Biologie der Pflanzen, Heft 3, p. 30. 

" Ibid., p. 208. 

" Phih Mag., X., 1831. 

4 Report of Medical Officer of the Privy Council, 1875, Lancet, 1876, Vol. I , 
p. 504. 

* Veterinaer Polizei, Sorau, 1865, p. 11. 

« Circular of Dublin Health Dept. regarding the disinfection of clothes of small-pox 
patients, June, 1778. 

' Comptes rendus, Sept. 29, 1873. 
8 Ibid., LXXXIV., 953. 

^ Baxter : Loc. cit. Mecklenburgh : Berlin klin. Wochenschrift, June, 1809. 
Pasteur : Comptes rendus, LVI., 41G and 734. 
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certain amount of oxygen is necessary,' and it has been found by some 
experimenters that the addition of small amounts of agents which supply 
oxygen really favors the development of the organisms.' The investiga- 
tion of this branch of the subject is, however, a matter of extreme diffi- 
culty, and much yet remains to be wrought out in this field. The matter 
cannot readily be settled by the use of agents which remove all oxygen 
rapidly, since those agents have also another action — as coagulation of 
albumen — which complicates the conditions they produce. Sulphurous 
acid and ferrous compounds (proto-salts of iron) are asserted by some to 
have this effect. 

But, on the other hand, an excessive supply of oxygen will also disin- 
fect. The processes of putrefaction are in fact stages in the oxidation of 
the constituents of the decomposing matter. If, then, we supply them 
with large amounts of oxygen, especially in a condensed and active form, 
aside from any direct action on the organisms present, the organic matter 
is rapidly carried through these changes to a greater or less extent accord- 
ing to the amounts supplied, and is converted into compounds less favor- 
able for the development of such organisms; or, if sufficient amounts of 
oxygen are supplied, it is, chemically speaking, burned, and converted into 
absolutely harmless compounds. A number of substances used as disin- 
fectants supply oxygen in this way. Such are ozone, or oxygen in a 
concentrated and active form, hydrogen peroxide, nitrous fumes, potas- 
sium permanganate, persalts of iron (ferric compounds), chlorine and 
bromine, or substances which can be made to supply chlorine, as chloride 
of lime, which, by combining with the hydrogen of water or of the organic 
material, sets oxygen free, etc. As was said in speaking of agents which 
abstract oxygen, these agents no doubt have some other action besides 
the simple liberation of oxygen — c. g., the coagulation of the albumen of 
putrescible material. 

Various substances also disinfect by an action which is not very per- 
fectly understood, but which seems to have something in common with 
their power of coagulating albumen. That is, all these substances have 
the power of coagulating albumen, though their disinfecting powers are 
not proportional to their power to coagulate, and in the case of some at 
least it has been observed that a disinfecting influence is exerted by them 
even when they are too much diluted to coagulate albumen.^ At any rate, 
the nitrogenous matter in organic substance is the chief source of nutri- 
ment to putrefactive organisms, and this explains why the decomposition 
of animal matter (which contains a larger proportion of nitrogenous 
material represented by albumen) is more dangerous than that of vegetable 
matter, and some action not clearly made out is exerted upon this nitro- 



'Meusel: Comptes rendus, LXXXL, 533. Gunning: Jour, prakt. Chem. [2], 
XVII., 2GG. etc. 

-Calvert: Comptes rendus, LXXV., No. 19. Schroter : Vierteljahresschrift fiir 
offentliche Gesundheit, IV., 602. 

^ Lemaire : De I'acide phcnique, Paris, 1865. R. Angus Smith : Disinfectants, pp. 
16, 68, 69. Schaer: Jour, prakt. Chem. [2], XII., 123, 
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genous matter by certain agents. The agents which effect this change 
are the so-called acids from coal tar — mentioned as " so-called acids" since 
they are, scientifically regarded, a subdivision of the alcohols known as 
" phenols," — the mineral acids, and metallic salts. 

Attention has been here drawn to the conditions which favor putre- 
faction: first, because the presence of putrefying material favors the devel- 
opment of zymotic diseases; and secondly, because experience has shown 
that whatever the nature of infection, the conditions favoring infection 
also favor the putrefactive processes, and, vice versd, what destroys putre- 
faction will also destroy infection and contagion. Most of our conclusions 
as to the efficiency of disinfectants are drawn from experiments on putre- 
fying material, and though the effects of disinfectants upon putrefaction 
may be more or less energetic than upon the virus of diseases, the differ- 
ence is rather in degree than in kind. 

The media surrounding the virus have a marked modifying effect upon 
the action of disinfectants.' This branch of the subject, however, has 
thus far not received the attention which it seems to deserve. 

We will now consider separately the different agents in use for disin- 
fection, and their applications. 

Heat. 

The effects of heat upon the virus of different diseases have already 
been given. By many the action of dry heat is considered preferable to 
that of moist heat. Some media in which the infection may exist appear 
to exert a protective action, and, to insure complete disinfection, a tem- 
perature of over 212° F. is preferred. Of course above this temperature 
the application of moist heat is difficult, and therefore dry heat is generally 
used. The heat must be kept up for a certain period in order to ensure 
the perfect destruction of the virus. In Great Britain dry heat is much 
used by the sanitary authorities for the disinfection of articles of clothing, 
etc., which have become infected. A chamber, constructed as if for an oven, 
which it really is in effect, is vised; ^ the temperature is brought up to from 
230° to 300° F,, and the articles are subjected to the influence of these 
temperatures for five or six hours. 

In a description of a chamber for disinfection of clothing, etc., by 
heat, Dr. W, H, Ransom ^ notes, as the result of his experiments, that a 
temperature of 250° F,, kept up for seven or eight hours, will slightly 
alter the appearance of woollen or cotton goods, especially when dyed in 
delicate colors, without, however, at all injuring the strength of the fibre. 
Cotton and silk goods will also withstand a temperature of 295° F. for 
three hours without serious detriment; but if the heat is continued for five 
hours, the fibre suffers. Woollen goods withstood this higher temperature 
less perfectly than the cotton and silk. 

' Vide supra, note 9, page 550. 

^ Vallin : Soc. de Medecine Publique et d' Hygiene Professionelle, June, 1877. 
3 Pharmaceutical Journ. and Trans., Vol. XXXIX,, p. 206, Sept.. 1873. 
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Before turning our attention to gaseous disinfectants, a few words on 
what is known as aerial disinfection are necessary. If by aerial disinfec- 
tion we mean the removal of infection from the atmosphere of a space,- 
whether closed or open, while at the same time human beings can breathe 
it without discomfort or detriment, that state of affairs has not yet been 
attained. In other words, if we render an atmosphere destructive to the 
life of germs, or whatever the virus of infection may be, it is also rendered 
irrespirable for human beings, and there is no true aerial disinfection.' To 
effect disinfection with sulphurous acid or chlorine, at least one per cent, 
of these agents should be present in the air, which amount is far beyond 
what can be endured by a person in health; and if an invalid were in a 
room where such considerable quantities of those substances were present 
in the air, the effects would be still more unbearable. AVhen carbolic 
acid was first introduced it was hoped that it would fulfil the requirements 
of an aerial disinfectant, but it has been found that, to disinfect under any 
circumstances, more carbolic acid than sulphurous acid or chloi'ine is neces- 
sary, and it is moreover condensable. Numerous experiments and experi- 
ences have shown that carbolic acid fails utterly in this regard,^ and that 
the assertions of sanguine experimenters with the new disinfectant, that 
so long as the odor of carbolic acid is perceptible, there is no danger of 
infection, have been productive of much mischief by creating a false sense 
of security in many cases. 

The most tliat we can hope to do in a room where infection is known 
or suspected to be, is to use agents which will render the air, so far as 
may be consistent with our own comfort, unfavorable to the growth or 
development of infection, so long as the room may be occupied; or, what is 
better, to take measures to change the air of the room as frequently as 
possible, in order to diminish the danger of infection by dilution; and, 
when the room can be vacated, to saturate the atmosphere in it with some 
disinfecting gas — not in order to purify the air in it and render it safe, 
but in order to kill out tlie infection which may have existed there, and 
wliicli has attached itself to the walls, carpets, furniture, hangings, etc. 

jSulphyroiis Acid. 

This acid (or, more correctly speaking, oxide) is the substance which 
affords the w^ell-known pungent and suffocating smell observed when a 
sulphur match is burned. It is a gas about two and a quarter times as 
heavy as air, and so far as its use in disinfection is concerned, may be con- 
sidered as uncondensable. It is soluble to the extent of six or seven per 
cent, by weight in water, but the solution has a tendency to lose in 
strength, and is therefore unsatisfactory for practical purposes. The gas 
is usually made, when wanted, by burning sulphur. 

' Wanklyn : Pharm. Journ. and Trans., 1873, Vol. XXXIX., p. 205. Wiederholt, 
Deutsche Industrie-Zeitung, 1870, p. 442. 

2 Letheby: Right Use of Disinfectants, Soc. of Med. OfiBcers of Health, Oct. 18, 
1873 ; Am. Chem. , IV. , 381 . ^ 
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Sulphurous acid is largely used for bleacning purposes and in other 
industrial processes. It is also one of the oldest disinfectants known, 
and still holds a place in the foremost rank of the substances so used. ' 
Its action upon putrefying material is due mainly to the coagulation 
which it causes of the albuminous principles, thereby depriving the organ- 
isms of the pabulum which they require; it also, no doubt, exerts a de- 
structive influence upon the virus of infection. It destroys sulphuretted 
hydrogen and neutralizes ammonia. It cannot, however, be used with 
effect in places where human beings are exposed to its influence, on ac- 
count of its irrespirable properties. So small an amount as one part in 
ten thousand of air will produce discomfort, and twice that proportion is 
unendurable. 

Sulphurous acid and chlorine mutually neutralize one another, and 
cannot therefore be used together. 

In disinfecting a room, from one and a half to two ounces of flowers 
of sulphur or crushed roll sulphur should be used for every hundred cubic 
feet of space. The sulphur should be supported on an earthen or tin plate 
placed over a layer of sand or a vessel of water, in order to avoid the danger 
of fire. It may be ignited by placing upon it a live coal, and the room must 
then be closed and left for five or six hours. If the air of the room is not 
damp, the colors of the hangings, etc., unless delicate, will 'not suffer 
seriously. 

Carbon disulphide is sometimes burned with the object of obtaining 
sulphurous acid for disinfecting purposes." There are, however, many ob- 
jections to its use. It is more expensive, and where a pound of sulphur 
will suffice, nineteen or twenty ounces of the disulphide is required. The 
chief objection to it, however, is its extreme volatility, as well as its com- 
bustibility, which renders it extremely dangerous to keep or handle. 

Sulj^hites, or combinations of sulphurous acid with bases, such as 
sodium, etc., may be used for the generation of sulphurous acid by the 
addition of a stronger acid, such as sulphuric or nmriatic acid. This mode 
of obtaining sulphurous acid is, however, seldom used, on account of the 
expense. On the other hand, sodium sulphite is largely used as an anti- 
septic, often in conjunction with carbolic acid.' 

The effects of sulphurous acid in fumigation are, of course, only tem- 
porary, and if a room which has been fumigated is again exposed to an 
infectious atmosphere, it may in a short time become as dangerous as be- 
fore, and the fumigation must be repeated. 

Putrefying liquid or semi-liquid material, when impregnated with 
sulphurous acid gas, is first deprived of any capacity to continue in a 
state of putridity, or to give out any odorous gases. If, however, the 
action has not been sufficient to completely kill all germs of infection and 

' Baierlacher : Medicinisches Centralblatt, 1876, p. 908. Fischer, Verwerthung 
der Stadtischen- und Industrie-Abf allstoffe, p. 68. Dingl. Polyt. Journ. , CCXIX. , 550, 
and others. 

- Keates : Chemical News, XXXIV., 245. 

2 MacDougall's Disinfecting Powder, Chem. News, 1862, p. 371. 
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render the mass acid, the putrid fermentation may again set in, and then, 
hy decomposition of the sulphurous acid, more sulphuretted hydrogen 
than before will be evolved. 

Chlorine, Bromine, a>ul Iodine. 

Chlorinh is a pale, yellowish green gas at ordinary temperatures, 
about two and a half times as heavy as air. It is extremely irritating to 
the lungs, even when present in not very large quantities. By combining 
with the hydrogen of water, or of some organic substance with which it 
may come in contact, it sets oxygen free, and thus is classed as a power- 
ful oxidizing agent. It decomposes ammonia and sulphuretted hydrogen, 
and in general kindred compounds arising from the putrid fermentation of 
organic matter. It may be used for aerial disinfection, like sulphurous 
acid, but, as is also the case with this latter reagent, the destruction of all 
infection can only be insured by rendering an apartment temporarily 
uninhabitable. 

Chlorine may be generated in various ways. The principal methods are : 

1. By the action of muriatic (hydrochloric) acid (3 parts by weight) 
upon black oxide of manganese (2 parts by weight). 

2. By mixing together equal parts of black oxide of manganese and 
common salt, and pouring upon them about two parts by weight of oil of 
vitriol (sulphuric acid). 

3. By the action of muriatic or sulphuric acid upon chloride of lime, 
nearly weight for weight being required. 

4. By the addition of a strong acid, such as muriatic or sulphuric, to 
potassium chlorate. This latter method affords not only chlorine, but 
considerable amounts of oxygen and compounds of the two elements. 

5. The action of muriatic acid upon red oxide of lead has also been 
used to develop this gas. 

In disinfecting an apartment, for 100 cubic feet of space it would be 
necessary to use about half or three-quarters of a pound of black oxide of 
manganese, and from three-quarters of a pound to a pound of strong 
commercial muriatic acid; or the same amount of the manganese oxide 
may be used with an equal weight of salt and from one to one and a half 
pounds of oil of vitriol; or between one and two pounds of chloride of 
lime wntli nearly an equal weight of acid, diluted with about twice its 
bulk of water. The substances should be mixed in a large earthen dish of 
sufficient size to allow for frothing up.' The evolution of the gas is so rapid 
that it is difficult to make the mixture complete before the person who 
manipulates it is obliged to abandon it on account of the fumes. The 
colors of hangings, etc., even when dry, are more seriously affected by 
chlorine than by sulphurous acid gas. 

' The Commission of the Paris Academy of Sciences (Comptes Rendus, LXXII., 
243) recommends enclosing the chloride of lime in a linen or canvas bag, and 
immersing it in about the same weight of acid diluted with three times its bulk of 
water. This plan may be pursued with advantage. 
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Chloride of lime (bleaching-powder) is made by .saturatino- slacked 
lime with chlorine, and contains ordinarily, when of fair quality, some 
thirty per cent, or more of chlorine (called " available ") which may be 
set free by the application of an acid. The combination in which the 
chlorine exists in it is what is known chemically as calcium hypochlorite, 
which, however, readily affords chlorine Avith acid or acid salts. Alum 
or chloride of zinc is sometimes used for this purpose. About one and a 
half pounds of powdered alum or two pints of chloride of zinc solution 
should be used to the pound of chloride of lime. The latter, unless Avell 
protected from the external air, loses in strength, especially in the pres- 
ence of dampness. 

Labarraque's solution of chloride of soda is a compound similar to 
chloride of lime, having, instead of the lime, soda as the base. Javelle 
water is the corresponding potash compound. These compounds may be 
used in the same way as the chloride of lime, but as the amount of avail- 
able chlorine which they contain is usually much smaller (between one 
and three per cent.), the amounts to be used to produce the same effects 
are much larger. 

Chloride of lime is often used without any addition of acid in disin- 
fecting street gutters, sewers, privy vaults, etc. In a solution of half a 
pound or more to a gallon of water (which, by the way, will not give a 
clear solution), it is used for washing floors, disinfecting clothing, etc. 
The action is similar to that of chlorine, though the presence of the lime, 
if no acid is added, gives some of the effects which will be described under 
I.ime and Alkalies. 

bromine. 

Bromine, under ordinary conditions, is a dark liquid, which vaporizes 
at all temperatures, is very soluble in water, from which solution, how- 
ever, it readily escajjes, and has a strong, stifling odor. In its properties 
as a disinfectant it resembles chlorine, though, for the same amounts 
by weight, it is only about one-third as efficient as chlorine. On account 
of its liquid form and its ready solubility in water, it is in some respects 
more convenient for disinfecting purposes. Its expensiveness, however, is 
the probable reason why it has been but little used. If employed, it 
should be used in the same way as chlorine, but it must be remembered 
that about two and one-half times as much bromine as chlorine is neces- 
sary. 

Iodine. 

This is similar in properties to the two preceding, but on account of 
its expensiveness has been used still less than either of the others. At 
ordinary temperatures iodine is a steel-colored solid which slowly gives off 
violet vapors of a pungent odor. Not having so disagreeable an odor as 
bromine, it might be used to improve the air of apartments where such 
purification seems desirable. It has, however, received so limited an ap- 
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plication as a disinfectant, that but little can be said of its powers or 
effects in that regard. 

In terminating- a notice of the use of these gases in disinfection it may 
be remarked that the inhalation of alcohol vapors will afford relief to anV 
one who may accidentally become choked with the fumes. 

Oxygen I. 

The liberal use of fresh air, when danger from infection is to be appre- 
hended, cannot be too urgently commended. We cannot, however, be 
certain that the oxygen of the air will destroy the virus of infection as 
rapidly as may be desired, and' many incline to the belief that the chief 
advantage of a frequent renewal of the air in our houses is to be ascribed 
to the dilution of the infection rather than to its destruction.' Neverthe- 
less, in Avhatever way the action may take place, the advantages of plen- 
tiful ventilation in protecting ourselves against disease are too great to 
be neglected. 

The oxygen of the air may be pressed into service as a disinfectant by 
the use of porous materials, such as charcoal, or by the use of powders even 
of inert substances. This is owing to the property, which substances in 
that form have, of condensing upon their surfaces considerable amounts 
of air, and at the same time the noxious gases or germs which maybe in it, 
and, by thus bringing the two into intimate contact, an active oxidation is 
effected.'^ Still the use of powders in this manner, though of advantage, 
naturally does not do all that could be desired in the line of disinfection 
by the use of oxygen in our homes, though the well-known disinfecting 
action of dried earth and of charcoal powder shows how much can be 
accomplished by this mode of action of porous or pulverulent substances. 

Thus far the direct applications of ox^-gen to disinfection have been 
more limited than we could wish, chiefly on account of the expense and 
difficulty of the methods as at present known and practised. We may^ 
however, hope in this practical age to arrive at more perfect and satisfac- 
factory methods of making an effective and general use of this agent so 
valuable in disinfecting. 

Ozone is a concentrated and active form of oxygen, which has been to 
some extent vised as a disinfectant.^ As yet, however, the methods of ob- 
taining it in such a state that it can be advantageously applied are not 
altogether satisfactory. It may be produced by the electric discharge, by 
the exposure of moistened phosphorus to the action of the air, by passing 
a current of air through a Bunsen gas flame," and in other ways. It 
exists in small quantities in the air, especially after thunder-storms, though 



' Endemann : Report of New York Health Department for 1874 and 1875, p. 254. 

- Erismann : Z'tscbrift fiir Biologie, Vol. II., p. 207. Hofmann : Reports by the 
Juries, London, 1863, p. 104. 

= Theuard : Comptes rendus, LXXXII., 157. De Carvalho : Dingl. Polyt. Journ., 
CCXX., 285. 

* Loew : Zeitschr. f. Chem. [3J, VI., G5. 2G9. 
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the amount is much less in the neighborhood of cities and towns, and it 
often is entirely wanting in such localities. The preparation of ozone by 
moistened phosphorus has been used in the household, the heads of com- 
mon matches being used for the phosphorus which they contain. The 
action of sulphuric or oxalic acid upon potassium permanganate has been 
recommended as a source of ozone, but its production by vise of the latter 
acid has been questioned, undoubtedly with reason. It has been asserted 
by many experimenters that ozone is also produced by the slow oxidation 
of turpentine and of many of the odoriferous essential oils which have the 
same chemical constitution as turpentine,' and that this explains the use, 
especially in the East, of essences and odors as deodorizers and disinfec- 
tants; and hence such substances have been recommended for these pur- 
poses,* Recently some "toilet vinegars" have been prepared which con- 
tain essential oils, and the efficiency of which is believed to depend upon 
the property possessed by these oils of producing ozone. The effects 
obtained in this way, however, are not of any practical importance. 

Hydrogen peroxide, which may be regarded as a combination of 
oxygen and water, on account of the facility with which it will give up 
oxygen, is probably the best disinfectant that we could wish for. Unfor- 
tunately, it is scarcely known outside of the laboratory, and, as usually 
prepared, loses in strength by keeping. The solutions sold by druggists 
under this name, in some cases at least, have proved to be — not peroxide 
of hydrogen — but hypochlorous acid, the combination of chlorine and 
oxygen, which, when combined with calcium, forms the chief constituent 
of bleaching-powder. 

Nitric acid (aqua fortis) and the lower oxides of nitrogen, known col- 
lectively as nitrous fumes,'''' give up oxygen readily to organic sub- 
stances, and have therefore been mUch used and recommended in disin- 
fection. Nitric acid itself is so slightly volatile at ordinary temperatures, 
that it cannot well be used for aerial disinfection. The fumes arising 
from a partial decomposition of the nitric acid, however, can be used in 
this way. The fumes are of a strong orange or reddish color when 
evolved in the air, and are somewhat irritating to the lungs and other 
tender portions of the body. They are, however, extremely dangerous, 
since a person may be exjDosed to them in a certain degree of dilution for 
a short time without experiencing a very great inconvenience, and then, 
a few hours afterward, may die from the effects of the gases upon the 
lungs. Since they are so treacherous, they are not so desirable for use in 
disinfection. Moreover, they exert an energetic action upon the colors 
and fibres of stuffs, and upon metals, and cannot therefore be used in many 
cases. 

Nitrous fumes may be obtained by diluting the commercial nitric acid 
with three or four times its bulk of water, and adding to the dilution iron 

' Experiments by Kingzett (Jour. Lond. Chem. Soc. [3], XII., 511 ; XIII., 210; and 
Chemical News, XXXII. , 138) go to show that no ozone is formed, but substances giving 
hydrogen peroxide by contact with water. 

Dr. John Day : London Chemist and Druggist, Nov. 15, 1873. 
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scraps or filings, or copper or zinc turnings. About twice as much of the 
commercial acid as metal should be used. The operation should be per- 
formed in a large vessel, as in the course of a short time the mass froths 
up, and the action is extremely energetic, considerable heat being at the 
same time generated. When the action is over, the solution remaining is 
also useful as a disinfectant, though for such a use the free acid which 
may remain should be neutralized by throwing in the metal until a por- 
tion remains undissolved. 

Acids from Coal Tar. 

It has already been remarked that these compounds are not true acids, 
fhemically speaking, though the term acid has been so universally 
applied to them in a commercial way, that those unacquainted with 
chemistry usually suppose them to be really acids. The principal com- 
pounds of this nature used in disinfection are, carbolic and cresylic acids 
(phenol and cresol). Thymol, a compound similar in constitution, also 
occurs in coal-tar, but in small quantities, and is usually obtained from oil 
of thyme.' In this connection, creasote from wood-tar may also be 
mentioned. 

Carbolic acicP and thymol, when pure and free from water, are trans- 
})arent crystalline solids; the others are liquids. All have an aromatic 
odor, which — except in the case of thymol — recalls that of wood-smoke. 
Pure carbolic acid dissolves in about twenty parts of water; the others 
are less soluble in that menstruum. The use of an equal bulk of acetic 
acid or strong vinegar materially increases their solubility. 

The impure forms of these substances are more common, and have 
usually a brown or black color^ and also may have the disagreeable odor 
of sulphur compounds, due to imperfect purification. The material sold 
as impure coal-tar creasote may contain only 20 or 30 per cent, of car- 
bolic and cresylic acids. 

Wood creasote is not so thoroughly understood in its chemical rela- 
tions as the other compounds here mentioned, and the effective value of 
its preparations cannot be so accurately laid down. 

The disinfectant and antiseptic properties of carbolic and cresylic 
acids have been much discussed, and their use for both purposes has been 
highly recommended by many. Notwithstanding various statements with 
regard to their efficiency as aerial disinfectants, it has finally been proved 
that their value in that regard is too small to be of practical importance. 
Their action upon putrefying material or upon infection has been de- 
scribed by Dr. Angus Smith^ as arresting the motion incident to decay. 
Pettenkofer* asserts that their action is exerted by their presence, and 

iPaquet: Bull. gen. de therapeut., 1869, No. 25, p. 205. Husemann: Chem. 
Centralblatt, 1875, 822. Peschechonow : Pharm. Zeitschrift fur Russland, XII., 609. 
Lewin : Med. Centr'blatt, 1875, p. 324. 

•-' Runge: Pogg. Anal., XXXI., p. 70, 1834. 
Disinfectants, p. 02. 

*Allgeniein. Zeitung, Feb., 1860. 
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their influence ceases as soon as they are removed — in other words, that 
they do not induce a permanent change in the putrefiable material, but 
simply suspend the action of the processes of putrefaction so long as they 
are present. From this it Avould be inferred that their use is chiefly as 
antiseptics, and not as disinfectants; and this is the light in which they 
are now regarded by many.' One per cent, or more of the coal-tar acids 
is necessary to arrest putrefaction, or render inert the virus of infection, 
while far smaller proportions suffice to exert an antiseptic action. These 
acids absorb to some extent the sulphuretted hydrogen and ammonia 
from putrid fermentation, but scarcely to a sufficient extent to merit the 
name of deodorizers, unless we should consider as deodorizers those com- 
pounds which overpower, by their own peculiar odor, the disagreeable 
smells we may encounter. One method of using the pure acid as a 
deodorant consists in mixing it with an equal weight of camphor. The 
two unite to form a liquid compound, the nature of which has not yet 
been investigated, and by this means the odor of the carbolic acid is much 
modified.^ The mixture has been proposed for internal use in cases of 
enteric fever and similar diseases. 

Carbolic acid is best used in solution in water, in the proportion of 
one part in one hundred, or one part in forty for washing places and arti- 
cles which may contain the virus of infection or contagion. It is also 
used very efficiently in conjunction with salts of iron or zinc, or with 
sulphite of soda, as well as mixed with substances in powder, such as 
slaked lime, etc. 

The pure acid dissolves in water with tolerable facility on briskly agitat- 
ing the mixture for a short time. If the crude acid is used, about twice 
as much should be taken, and the agitation with water must be more pro- 
longed and vigorous to insure solution. Some oil always remains undis- 
solved from the crude acid, which, unless well agitated, may hold some 
carbolic acid. 

If we wish to employ a mixture of the acid with iron salts, about four 
pounds of protosulphate of iron (ferrous sulphate), or about three pints of 
what is known as "strong solution of perchloride of iron," should be dis- 
solved in a gallon of water, and the equivalent of from two to three ounces 
of pure carbolic acid should be well mixed with it.'' A solution of zinc 
chloride (Burnett's fluid) * may be used in the same proportion as the per- 
chloride of iron. This gives, it is true, strong solutions; but, as they are gen- 
erally used on liquid matter, such as the contents of cesspools, drains, etc., 
they become sufficiently diluted when thus employed. If used on solid sub- 



' Notice sur le nettoiement de la voie publique, Paris, Prefet de la Seine, 1876. 

- Plugge : Pfliiger's Archiv f. Phys., V., 538. Dougall : Glasgow Med. Jour., Nov., 
1873. Baxter : Loc. cit. Rosenbach : Untersuchungen iiber den Einfluss der Carbolsiiuie 
gegen das Zustandekommen der Pyamischen und putriden Infektion bei Thieren, 
Gottingen, 1872. Davaine : Comptes rendus, Oct. 13, 1873. 

^ Report of New York Health Dep't, 1869, p. 576. 

* Metropolitan Disinfectant. Report of N. Y. Board of Health. 1870, p. 77. 
5 U. S. Dispensatory, 13th Ed., p. 1375. 
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stances, the solutions mentioned may be diluted with five or six times their 
bulk of water. 

Carbolic acid powders have been largely manufactured and sold as dis- 
infectants, but faith in their efficacy is not so great now as formerlv. 
Nevertheless, they have some value for mild disinfecting purposes, though 
it is better for one to make them for himself rather than trust to what 
he may obtain under that name in the market, since their quality is very 
uncertain, and many contain scarcely more carbolic acid than suffices to 
give them its distinctive odor." In making them we may use any absorbent 
material, such as sawdust, clay, quick-lime, etc. The latter is in many cases 
advantageous. About 5 parts of the pure acid, or 10 parts of the crude, 
should be thoroughly mixed with 100 parts of the dry powder.'' When 
sprinkled about, the effect of the powder, as explained under " Oxygen,'' 
aids the action of the carbolic acid. It may produce good effects when 
freely applied on floors and such surfaces as are more or less moist with 
liquids that may be suspected of containing infection. 

Carbolic acid in concentrated form, when in contact with the skin, 
destroys the external coats, leaving a white spot where it has touched it. 
Taken internally, unless much diluted, it is very poisonous. The antidote 
generally used is olive oil. 

Acids. 

JBenzoic, picric, acetic acids are the principal organic acids which are 
of use in disinfection. They are better, however, as antiseptics than as 
disinfectants. Acetic acid is the only one which can be used for aerial 
disinfection, a use to which it was frequently put in the Middle Ages. It 
cannot be relied upon in serious cases, and at present is scarcely used. 

The mineral acids, hydrochloric (muriatic), nitric, and sulphuric, have 
strong disinfecting powers. Hydrochloric acid is the only one which has 
been used as an aerial disinfectant. The destructive influence which it 
exerts upon substances of whatever kind, and its irritating properties, have 
prevented it from being used very extensively. The same destructive in- 
fluences characterize the other acids and are strong objections to their use, 
since, even if the place to be disinfected is only a cesspool, the acids, if 
added in sufficient proportion to disinfect, will produce an injurious effect 
on the cement of the masonry. They Avill also set free sulphuretted hy- 
droeren from its combinations, and at first increase the bad odor. The acids 
act by coagulating albumen and by neutralizing ammonia and other com- 
pounds of that type which may be dangerous. 

Metallic /Salts. 

The metallic salts stand first as disinfectants for liquids containing any 
matter of a dangerous character. They arrest putrefaction and destroy 

' Waller : Report of N. Y. Health Department, 1873, pp. 467 et seq. 
- E. de Haeu : Deutsche Industrie-Zeitung, 1874, p. 312. 
Vol. II.— 36 



562 



DISINFECTANTS. 



infectious matter by coagulating- albuminous principles, and by absorbing 
the nitrogenous and sulphurous compounds of which ammonia and sul- 
phuretted hydrogen have been taken as types; they probably also exert 
some other effects not always clearly defined. They are all more or less 
poisonous, and some of the most efficient are too poisonous for general 
use, as for example the arsenic and mercury compounds. Since they are 
not volatile at ordinary temperatures, they have little or no value as aerial 
disinfectants. The best disinfectants among them are the zinc and iron 
salts. They usually are to be obtained as sulphates or chlorides. Of these 
the former are the most common, while the latter are preferable, since 
after a time the sulphur in the sulphates will sometimes escape as sulphu- 
retted hydrogen, with its characteristic unpleasant odor.' 
3Ia)iganese and lead salts are also good as disinfectants. 

Iron Salts. 

These are of two kinds, known usually as the protosalts and the per- 
salts — or, scientifically, as ferrous and ferric salts respectively. The best 
known ferrous salt (mentioned first because the most universally used) is 
the ferrous sulphate, commercially known as copperas, green vitriol, or 
protosulphate of iron. For efficiency, combined with cheapness, this 
compound is the best of its class. Though to some extent poisonous, 
when taken into the stomach, it is not so much so as many other disin- 
fectants in use, and its peculiarly unpleasant taste is usually sufficient to 
warn one of the danger before enough has been swallowed to cause serious 
results. The solution dropped upon cloths or other absorbent material, if 
not quickly removed, gives them the well-known iron-rust stain, and it 
cannot therefore be used in washing or disinfecting white goods, if it is 
desired to keep them white. If strong, the solution may destroy or 
materially injure the fibre. On heating the salt for some time with free 
access of air (roasting), it is partially converted into the persalt (ferric 
sulphate). The mixture thus obtained is still better as a disinfectant.' To 
get a tolerably clear solution of the salt after roasting, it is necessary to 
add about an ounce of oil of vitriol to the pound of crystals used. 

The best known and most common persalt of iron is the chloride 
{ferric chloride), known commercially or officinally as sesquichloride or 2>er- 
chloride of iron. The nitrate and sulphate are also used in medicine. For 
disinfecting purposes a solution may be made by dissolving bits of iron 
(nails, etc.) in muriatic (hydrochloric) acid, with the addition of about a fluid 
ounce of commercial nitric acid to each ounce of iron used. The muriatic 
acid should be diluted with an equal bulk of water, and the liquid should 
be allowed to act upon the iron for some time, the metal being in excess, 
in order to avoid the presence of much free acid. Or a solution of iron 
nitrate may be prepared by allowing nitric acid to take up all the iron it 

' Bechamp: Dingl. Polyt. Joum., 191, 336. Cohn: Beitrage zur Biologie der 
Pflanzen, III. , p. 15(5. 

^ Kletzinsky : Am. Chem., IV., 131. 
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will dissolve. (See " JVitrons funics.^'') The gases arising- in either case are 
to be avoided, since it is dangerous to breathe them. The nitrate is the 
best as a disinfectant. The chloride is kept by druggists as " strong- 
solution of perchloride of iron." ' 

These salts of iron act by absorbing or destroying sulphuretted hydro- 
gen and similar compounds, and by absorbing ammonia and nitrogenous 
compounds of that nature. They also oxidize organic material with which 
they may come in contact. The persalts naturally are the most efficient 
in this respect, though the roasting of the protosalts, or their exposure to 
air even without roasting, will cause them to absorb oxygen, which they 
again give up under the circumstances above mentioned. Like most 
other metallic salts, they also coagulate albuminous matter, thus depriving 
the organisms of putrid fermentation of the pabulum necessary for their 
existence. The iron salts are used iti all cases where we have to deal with 
foul liquids, such as the contents of drains, sewers, etc.^ 

Zinc Salts. 

Zinc svlphate^ known as white vitriol, and the cJiloride (Burnett's' 
solution) are the compounds usually employed and most available. Zinc 
.salts form with albuminous principles extfemely insoluble compounds, 
and at the same time absorb the gases from putrefying material. On this 
account they are probably the best disinfectants of this class which we have. 
Being colorless they can be used in many cases — as in the disinfection of 
bed-linen, etc,^ — where salts which impart a color {e. g., those of iron) can- 
not be used. If tlie solution be very strong, there may be some danger of 
injury to the fibre of the goods; but with solutions such as are usually 
employed, the effect is practically inappreciable. Both the sulphate and 
chloride are poisonous, the latter being the more dangerous. The effect, 
however, is usually so strongly emetic, when the salt is swallowed, that 
the poison is exjjelled from tlie stomach soon after swallowing it. 

Of the two salts mentioned the sulphate is the cheaper, but the 
chloride is rather the better disinfectant. The solution known as Bur- 
nett's should contain a little less than half its weight of the chloride. 
Large amounts of zinc salts are obtained from the refuse products of cer- 
tain industries, from treating tin scraps, for example, and from establish- 
ments where electric batteries are used. Such solutions naturally contain 
salts of other metals, which, though objectionable for many purposes to 
which the solutions might be applied, are not objectionable, and may in- 
deed be of advantage, when used for disinfection. One point should be men- 
tioned in this connection, viz., that these solutions often contain free acids, 
which should be neutralized by allowing them to stand for some time over 
bits of zinc. Zinc chloride, containing more or less free acid, has been 

' U. S. Dispensatory, 13th Ed. , p. 1251. 

^ Hofmann and Frankland : Cosmos, XV., 283; Polyt. Centr'blatt, 1860, p. 64. 
^ London Med. Times and Gaz., Oct., 1853, p. 341. 
^ Am. Chem., IV., GO. 
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proposed for use in conjunction with chloride of lime in disinfection. 
The chlorine is thus set free to purify the atmosphere, while the zinc 
remains in the solution to render inert the organisms which generated the 
noxious gases. 

Manganese Salts. 

The protosalts of manganese are not so much used in the United 
States as in Europe, since they are not so plentiful or cheap here. The 
sulphate is the most common form, and the one from which almost all of 
the officinal preparations of manganese are made. The so-called manga- 
nese lye," a by-product from the manufacture of chlorine by the action of 
muriatic acid upon black oxide of manganese (see " (Jhlorine "), contains 
the elements of an excellent disinfectant, but at the same time often con- 
tains too much free acid to admit of its being used except where the free 
acid will not produce undesirable effects — e. g., injury to the cement of 
vaults, etc. 

Manganese protosalts are, to a very slight extent, poisonous; the 
effects are usually purgative. 

Their action as disinfectants is very similar to that of zinc, to which 
they are somewhat inferior. They may be used for the same purposes, 
and in the same way, though for clothing, etc., the zinc is much to be pre- 
ferred, since the manganese compound, especially after contact witli 
alkalies, soap, etc., will cause discoloration. 

Potassium permanganate has been much used in disinfection for oxi- 
dizing purposes. The solution, known as Condy's fluid,' has a strong- 
purplish color, which, in the presence of organic matter and acid, dis- 
appears entirely. If, however, no acid is present, brown flocks sepa- 
rate. The solution is odorless, and has a sweetish taste. It is much used 
for cleansing vessels that are employed about a sick-room, or wherever 
there is any danger of infection. It is also used to purify water for 
drinking purposes. An amount sufficient to color the water of a pinkish 
tinge is added, and the water is allowed to stand for a couple of hours. 
If the water loses the pinkish color, more must be added until the color 
will stand for about two hours. Some authorities claim that this is insuffi- 
cient to purify the water, and in some cases it may be preferable to make 
sure by boiling the water after this treatment. In small amounts it is not 
dangei'ous to take into the stomach, though large quantities of this salt 
are apt to produce bad effects. In contact with fibres, etc., it imparts a 
brown stain, very difficult to remove, and hence cannot be used in wash- 
ing clothing, etc., the color of which it is desirable to preserve. A solu- 
tion of one part of the salt in about ten of water, mixed with an equal 
bulk of oil of vitriol (sulphuric acid), affords ozone. The strong color 
imparted by this salt to water, when dissolved in it, is so great that one 

' Junghaus: Dingl. Polyt. Jour., CXCIX., I., Am. Chem., XL, 92. 
° Condy : Proprictes desiufectantes des permanganates alcalins, Paris, 18(57. Cf. 
Monit. scientifique, 1865, 125. 
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may readily be deceived as to its strength; and solutions containing a 
very small amount — too small to be of any service, but yet sufficient to 
give a strong color to the fluid — have been sold by druggists for disinfect- 
ing purposes. It is always better to purchase the salt in crystals, and dis 
solve it for use when wanted." From one to one and a half ounces of the 
.salt in a gallon of water is a suitable strength for most purposes.^ 

Alumina Salts. 

Common potash alum, which is a double sulphate of alumina and 
potassium, is the best-known form of soluble alumina salt. Within a few 
years a chloride of aluminum, under the name of " chloralum," has been 
offered in the market as a disinfectant.' The absence of poisonous proper- 
ties in alumina salts, as compared with most other disinfectants, has been 
urged as a desirable quality in these preparations. Their disinfecting 
powers are, however, not sufficient to make them the valuable disinfectants 
they are asserted to be.* They render efficient service as antiseptics. 
Their action is similar to, though much weaker than, that of the zinc or 
iron compounds. A mixture of one pound of powdered alum with one 
pound and a half of chloride of lime affords a good means of slowly set- 
ting free the chlorine from the chloride of lime, in cases where the rapid 
liberation of the chlorine is not desirable. 

Alumina salts may be used either for purifying drinking-water or for 
<lisinfecting sewage.* For purifying drinking-water, about ten grains of 
alum should be added to the gallon, and, after being well mixed in, the 
iiddition of about half as much of carbonate of soda will precipitate the 
alumina, which then carries the impurities down with it. In the case of 
.sewage, a larger proportion of the alum must be used, and milk of lime 
may be substituted for the carbonate of soda. 

Copper salts are excellent as disinfectants. They have, however, been 
but little used on account of their expense. The sulphate (blue vitriol) is 
the best-known form. The waste liquors from telegraphic batteries 
usually contain small amounts of copper compounds which aid their 
iiction. 

Jjcacl salts have been used to a certain extent," although their value is 



' The writer once had occasion to examine a solution of this salt, which contained 
it in the proportion of less than one-tenth of an ounce in the gallon. The solution had 
a strong color, and was sold for fifty cents the half -pint. Half a dollar is a high price 
for (in ounce of permanganate of potash. 

'- Demarquay : Comptes rendus, LVI. , 853. 

- Fleck: Indu.strie-Bliitter. IX.. 25 ; Deutsche Industrie-Zeitung, 1871, p. 476. 
Endemann : Report N. Y. Health Dept., 1871, p. 117. Letheby : Am. Chem., 
IV.. 881. Fischer: Dingl. Polyt. Jour., CCX., 132. 

i Polyt. Centralblatt, 1869, 416; Chemical News, XXXIV., 197. Durand Claye : 
Deutsche Ind.-Zeitung, 1869, 486. 

^ Goolden: Lancet, Dec. 11, 1875. 
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not so great as that of the zinc salts. Their cost and their poisonous 
qualities are much against them. 

Mercury and arsenic comj^ounds have already been mentioned as 
powerful disinfectants, but they are too poisonous for general use. 

As a general rule, it is better to purchase of reputable druggists the 
crystallized salts desired for disinfecting purposes. It is then easy to 
make solutions of the strength desired, and it usually is much cheaper, 
since most of the preparations put up and sold under various high-sounding 
names as disinfectants, while they contain compounds of value m disin- 
fection, contain really far less of those compounds than could be pur- 
chased, in the solid form, for the same money. 



Zime and Alkalies, a^id their Compounds. 

Caustic lime (quick-lime or slaked), potash, and soda have but small 
disinfecting powers unless used in concentrated forms and in considerable 
quantities. On account of their solvent and cleansing action, however, 
they are advantageously applied as detergents. Rooms, outhouses, etc., 
after being disinfected with sulphurous acid or chlorine gas, should be 
freshly whitewashed with lime, and the floors should then be scrubbed 
with a hot solution of soda or potash. Quick-lime freshly broken may 
be sprinkled about when it is desirable to absorb moisture or carbonic 
acid gas, while soda or potash may be used in solutions in which infected 
clothing is to be cleansed. If used in too great strength, they will dis- 
solve and disintegrate woollen goods. Cottons are much less affected. 
A solution in the proportion of half an ounce of the solid potash or soda 
to the gallon of water is sufficiently strong.' Lime carbonate is practically 
of no use; hence the recommendation to use freshly broken quick-lime. 
The carbonates of potash and soda are much less efficient than the caustic 
alkalies, but may be substituted for them in default of the caustic form. 
In using these alkalies on clothing, care should be taken that zinc salts be 
not employed at the same time. If, however, it be thought desirable to 
use the latter, a thorough rinsing should intervene, since these alkalies 
precipitate the zinc from its combinations. 

The chlorides of these bases, especially of calcium'^ and sodium, have been 



■ Watt's Dictionary of Chemistry, V.. p. 1047. 

^ The distinction between the calcium and sodium chlorides and the so-called 
chlorides of lime and soda, is an important one, which should not be disregarded. 
The calcium and sodium chlorides contain chlorine, it is true, but not in such a 
state that it can be readily set free in the form of gas to exert its powers. Those 
names are the true technical names for those compounds. The chlorides of lime and 
soda are, on the other hand, commercial names for compounds known technically as 
calcium and sodium hypochlorites respectively, and from these chlorine is readily freed 
by the addition of an acid or acid salt. But, aside from any addition, the properties 
of the two classes with respect to their disinfecting action, and indeed in other re- 
spects, are very different, and care should be taken that the similarity of names do 
not lead to confusion of two very different classes of substances. 
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recommended for disinfecting purposes/ but their powers in this respect 
are not very great. Their cheapness, however, especially in the neigh- 
borhood of alkali works may sometimes render them the best available 
disinfectants. 

tiiulphate of lime (calcium sulphate), on account of its power of absorb- 
ing ammonia, is of some value for disinfecting excreta or other substances, 
which possibly may prove dangerous on account of the nitrogenous organic 
matter which they may contain. Being only slightly soluble in water, and 
not having the power of fixing large quantities of ammonia, it is used 
almost exclusively for admixture with manure or other fertilizing matters ^ 
— a purpose which is usually defeated when the stronger disinfectants are 
used. Magnesium compounds, the capacity of which for absorbing ammo- 
nia is much greater, have been used in a similar way.' 



The Different Disinfectants, the Conditions tinder which each may ad- 
vantageously he employed, and the Best Methods of using them. — A 
Drief Mecapitidation for Heady lieference. 

The following suggestions may be useful for those charged with the duty of disin- 
fection : — For streets (ind public places. — All material liable to decompose should be re- 
moved, and if no other disposition can be made of them, they should be sprinkled with 
lime and buried. Sprinkle chloride of lime about and throw roasted iron sulphate in 
the gutters, where it will slowly dissolve. In damp and illy ventilated places freshly 
broken stone-lime or calx powder — a mixture of quick-lime and charcoal^ — maybe 
spread about. 

Fai' cesspools and vaults. — About a pint of the solution of carbolic acid and iron or 
zinc salts, made as described under " Carbolic Acid" may be added to each cubic foot 
of contents. Another method which will be found efficacious consists in suspending a 
bag containing roasted iron sulphate in the upper portion of the liquid, and allowing 
solution to take place slowly. This method requires that about six ounces of the iron 
salt should be allowed for every cubic foot of contents of the vault. 

The air arising from cesspools, drains, sewers, etc., may be disinfected by the use 
of charcoal filters, wherever access to the external air is permitted. The simplest 
form of such filter would consist of a double -wire gauze, the two sheets of which are 
separated by a space filled with powdered charcoal. This principle has been for some 
time successfully used in some parts of London. Stagnant pools, if they cannot be 
immediately drained, may be treated, first, with a cold saturated solution of alum, 
and then with milk of lime. Sinks and water-closets. — Kitchen sinks may often be 
clogged, partially by the hardening of grease in the waste-pipes. In such cases pour 
down a boiling-hot and strong lye of potash or soda, and rinse with water before pour- 



' G. C. Stanford : Archiv der Pharmacie, CCIII., 24. 

2 Vohl: Dingl. Polyt. Joum., CXIV., 65. Jacquot : Ibid., CIII., 152. 

^ Dingl. Polyt. Journ., CCXIX., 182. Blanchard and Chateau: Comptes rendus, 
LXII., 440. Suvern: Industrie-Bliitter, 1868, p. 02. 

* Applied on a large scale by Miiller and Schiir (Dingl. Polyt. Journ., CLXXVIII., 
78). The proportions used were from twenty to twenty-five parts of quick-lime to 
two parts of dry charcoal powder. A larger proportion of charcoal might be advan- 
tageously employed in some cases. 
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ing in the disinfectant. Pour down two or three times a day a pint of one of the fol- 
lowing solutions : 

Four pounds of iron sulphate in one gallon of water. If the iron salt has been 
roasted, add about one ounce of oil of vitriol (sulphuric acid) to the gallon. 

Two pounds of zinc sulphate in one gallon of water. 

One pint of zinc chloride solution (Burnett's solution) in the gallon. 

One pint of "strong solution of perchloride of iron" in the gallon. 

About two fluid ounces of carbolic acid may be added with advantage to each gal- 
lon of either of the above solutions. Manganese sulphate may be used in place of 
the zinc sulphate. 

Outhouses, cellars, stables, eic— Freshly broken quick-lime sprinkled about will 
absorb moisture if these places are damp, and on that account liable to generate or 
retain infectious germs. 

Cleanse with water containing carbolic acid in the proportion of 3 or 2^ ounces in 
:} gallons. "Whitewashing with about the same proportion of carbolic acid in the gal- 
lon of whitewash, and sprinkling chloride of lime about, will be found advantageous. 

Aj)artinents.—^a,vicey:s containing calx powder, or chloride of lime, may be set 
about in different parts of a room to produce a mild disinfecting or deodorizing action. 
The material should be renewed every two or three hours. If the room is occupied, 
acid cannot well be added to the chloride of lime, or the air would soon be rendered 
unendurable by reason of the chlorine disengaged. 

A certain amount of disinfection may be effected by suspending in the room cloths 
saturated with a mixture of carbolic acid and camphor. Or cloths dipped in solutions 
of zinc salts or of perchloride of iron may be hung around in the same manner. 

Moistened heads of matches, or a mixture of sulphuric acid with potassium per- 
manganate, may be used to develop ozone, and thereby improve the air of the room. 

A bad odor may often be removed by burning a little sugar or ground coffee 
wrapped in paper. The effects of such deodorants last but a short time, and unless 
the source of the bad odor is removed, they are of but little value. 

If the room can be vacated for several hours, it should be thoroughly fumigated 
with chlorine or sulphurous acid gas, the latter being preferable. Before fumigating 
by means of these agents, if the walls are papered, the paper should first be scraped 
off and burned, and the hangings, carpets, etc., should be spread out, in order to ex- 
pose them as much as possible to the disinfecting action of the gas. The proportions 
and mode of generating these gases for such a purpose have already been given. 

Utensils. — Bowls, spittoons, and similar vessels, especially if used in a sick-room, 
should be rinsed with a solution of potassium permanganate, or with one of chloride 
of lime (2 oz. in the gallon). Chamber-pots may be disinfected by rinsing them with a 
little strong muriatic (hydrochloric) acid. The addition of potassium permanganate or 
chlorate to the acid will cause an evolution of chlorine, which may sometimes be 
necessary both for deodorizing and for disinfecting purposes. Vessels containing the 
discharges of patients should receive the addition of zinc chloride or perchloride of 
iron, with or without carbolic acid. About half a fluid ounce of the disinfectant per 
pint of the discharge will be sufficient. Rinsing with potassium permanganate solu - 
tion after washing is desirable. 

Bedding. — Mattresses cannot usually be thoroughly disinfected. The ticking may 
be rendered safe by boiling in some solution of zinc, etc. , or by fumigation and dry 
heat ; but the straw, hair, etc., with which they may be stuffed, can only be disin- 
fected with considerable difficulty. Heating is the best method, but the heat pene- 
trates very slowly, and often imperfectly. The best mode of removing the danger of 
infection is to destroy the stuffing, preferably by burning. Strong nitric acid, if 
poured over such material, aids in its destruction. Saturation with solution of chlo- 
ride of lime, or of metallic compounds, may be used to disinfect them temporarily, 
but renders them less inflammable. 

Bed-linen, clotJts, towels, etc., may be disinfected by first boiling them in a solution 
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of sodium carbonate, or caustic soda or potash (between one and two ounces in every 
two gallons of water), for an hour and a half or longer, and then, after rinsing them 
in clean water, treating them in one of the following ways : 

1. Expose to a temperature of about 250 F. for from three to six hours. Dry or 
moist heat may be used. The latter is, no doubt, the most efficacious, but is not so 
readily managed. Or, 

2. Boil for an hour in a solution containing 2 oz. of zinc chloride or sulphate in the 
gallon. A smaller quantity of the zinc salts may be used, and about an ounce of car- 
bolic acid may be added to the gallon of water. 

If the cloths, etc., cannot be at once treated, they should be thrown into a solution 
containing 2 oz. zinc salts per gallon. Rinse in clear water before boiling with soda. 

Potassium permanganate, as already remarked, spoils the color of goods boiled in 
it. If it is used, it should be in the proportion of one ounce of crystals per gallon of 
water 

Coi'pses. — Wrap in a cloth .saturated in a solution containing to the gallon : 
One ounce of carbolic acid, 

Or, two fluid ounces of zinc chloride solution (Burnett's solution). 
Or, two ounces of zinc sulphate. 

If the carbolic acid is used, sawdust saturated with carbolic acid may be placed 
under the body, especially about the hips. 

If either of the zinc compounds is used, dry chloride of lime may be applied in 
the same manner as the sawdust. 
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Prevextive medicine, as it has been called, is one of those things 
that are theoretically approved and too often practically neglected. No 
one doubts its importance. To prevent disease, and limit the deaths to 
those caused by accident, physical violence, or poisons, and the gradual 
and painless extinction of the bodily functions which comes with old age 
— what can be more desirable or more worthy of untiring and ener- 
getic effort ? But men are so accustomed to look upon disease as an 
unavoidable evil, that the idea of preventing it by any action of their 
own seems to have never distinctly occurred to them until within com- 
paratively modern times. As attacks of disease, and especially of epi- 
demic disease, were in early times attributed to the judgment of the 
gods, all efforts toward prevention were directed toward the propitiation 
of whatever deities men believed in, or supposed they ought to believe 
in. The pestilence among the Greeks in Homer is caused by the shafts 
of an angry Apollo, and the choicest booty of their king is given up to 
appease his wrath. Cultivated and in other respects intelligent people 
are even now not ashamed to carry horse-chestnuts in their pockets to 
keep away rheumatism, or nail a horseshoe on the door-post to protect 
them from witches. 

A great step in advance of this childlike position was made when 
inoculation was introduced to modify the severity of small-pox. This dis- 
ease, which had been one of the plagues of the earth, was thus partly 
.stripped of its terrors, and the final blow was delivered by Jenner, in his 
discovery of the prophylactic power of vaccination. By this simple, pain- 
less, harmless procedure, the nations of the civilized world are so far pro- 
tected against what was once one of the most frequent and fatal of epi- 
demics, that the knowledge of the presence of the disease in any town or 
village is now received by the inhabitants with comparative equanimity. 

The great success obtained with reference to this disease, amounting 
to a complete mastery of it, led to the hope that other diseases might be 
controlled in a similar manner. This hope has proved futile, but it has 
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given rise to a new branch of science, having for its objects the investiga- 
tion of the laws under which diseases have their origin and are diffused, 
and the determination of methods by which they may be prevented or 
limited. 

It is somewhat remarkable that the general public is so slow to appre- . 
ciate the importance of sanitary science. To be sure, the mass of people 
are always conservative, and either pull upon the skirts of the reformer 
and hinder in every way his free action, or, if permeated by a truth that 
has the least touch of the emotional in it, rush in a body so wildly in the 
new path, that disappointed expectations produce a recoil. This is what 
history teaches us to expect, and yet it seems as if nothing needed less of 
demonstration at the present time to show its utility, than vaccination. 
But what do we see ? 

Anti-vaccination societies, diatribes against Jenner and the medical 
profession from platform and pulpit, letters from distinguished states- 
men, expressing doubt of its efficacy; and all because, through igno- 
rance or carelessness, a few persons have been infected with other dis- 
eases by the operation of vaccination, or a few scrofulous and puny 
infants have suffered more than is usual from the constitutional disturb- 
ance attending maturation. 

If this is so with respect to a matter of such evident utility as vaccina- 
tion, it cannot be expected that general credit will yet be given to the 
results obtained in the case of other diseases. It is believed by sanitarians 
that the zymotic diseases are altogether preventable, and also that varia- 
tions in the prevalence of those diseases, before and after certain sanitary 
improvements have been introduced, show that we already possess suffi- 
cient knowledge to control their diffusion to some extent, and even to 
prevent in some cases their development. And yet, as such diseases 
naturally vary in frequency and in severity from time to time, without 
any clearly appreciable reason, and where no special precautions have 
been taken against them, it becomes a matter of some difficulty to demon- 
strate to sceptical persons that sanitary improvements have any effect 
whatever in controlling them. 

We have one criterion, however, by which we can better judge of the 
effect of sanitary improvements than by the prevalence or fatality of cer- 
tain diseases, and that is, the bodily vigor or the feebleness of the popula- 
tion. If sanitarians are correct in the assumption that deleterious influ- 
ences are constantly at work upon every human being, which tend to 
impair his vitality and induce disease, and that the object of sanitarv 
science is to discover what these deleterious influences are and put an end 
to them, then every such discovery and every such application of preven- 
tive methods ought to result in less debility and less disease among the 
people where such applications are made; and their effect, if any, would 
be exhibited most clearly in that portion of the population which is most 
susceptible to external influences, and possesses the least power of resist- 
ance to deleterious ones. This portion is undoubtedly the infants; and 
the increase or decrease in infant mortality is one of the best means we 
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have of estimating the sanitary conditions under which any particular 
community lives. In New York, for instance, with no special change in 
the character, habits, or surroundings of the population, excepting the 
alterations of the drainage, sewerage, and ventilation of dwelling-houses, 
with enforced cleanliness and observance of other sanitary laws, under 
the direction of the Board of Health (organized in 18G6), the infant mor- 
tality has steadily diminished; and while the children who died under the 
age of five years in 1867 constituted fifty-three per cent, of the total mor- 
tality, the percentage has steadily decreased year by year, until, in 1877, 
such deaths were but 46.96 of the total — surely a remarkable showing. 
Some of the illustrations given by English statisticians are quite as sig- 
nificant. 

Such results are at length beginning to produce some elfect on the 
public mind. It has for some time been evident to medical men that, 
in the very near future, preventive medicine is destined to hold a com- 
manding place in the economy of society. But the pioneers in the work 
have had to struggle under many discouraging circumstances. Only their 
interest in the science, and their confidence in its future, have urged them 
on. Now that public interest begins to facilitate their labors, the advance 
of sanitary science will probably be much more rapid than it has been in 
the past. Not only are the workers in any field encouraged and aided by 
the mere knowledge that their labors are appreciated, but public interest 
implies public support and the bringing of the ponderous but effective 
machinery of government into play, with its far-reaching agencies, its 
exhaustless resources, and its unequal facilities for the generalization of 
observations. 

The future of sanitary science is not easy to predict. With the grow- 
ing distrust of remedial agents in disease, and of all interference with 
the natural course of the self-limited diseases, there has sprung up the 
belief that they are all preventable, and a hope that they will all be pre- 
vented. It is not too much, perhaps, to affirm that the contagious dis- 
eases will some time be blotted out; that epidemics of all kinds will be 
thoroughly understood and completely under government control — in fact, 
that there will be no more epidemics excepting on the confines of civiliza- 
tion, bounds which they will never pass; that the nature and causes of 
endemic diseases will be known, and those causes either removed or ren- 
dered harmless, so that endemic disease shall also become a thing of the 
past. Besides these classes of disease, the investigation of which is 
already recognized as the duty of sanitarians, and the possibility of whose 
prevention is also dimly seen, there are many others which will eventually 
be made much less common than they are now. It has but recently been 
suspected how large an amount of disease is due to the intemperate use of 
alcohol, and to the pervasive and subtle poison of syphilis. Within a 
very few years, cases that formerly passed for dropsy or typhoid fever of 
peculiar type have been demonstrated to be caused by parasitic animals 
introduced with the food (trichinosis). Unripe fruit and vegetables and 
unsound meat are responsible for much disease and not a few deaths. 
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The control of all these sources of injury will be the duty of the sani- 
tarian. 

In addition to these, Avhich may be called external causes of disease, 
there are certain habits of the individual which tend to lower his vitality 
and bring on attacks of disease. These, as a rule, must be regulated by 
himself, and will be the last to feel the influence of sanitary ideas. But 
it is safe to assert that when sanitary administration becomes a recognized 
branch of every government, and sanitary knowledge becomes popularized 
and a part of every common school education, individuals will not be sa 
careless of their lives and health as they are at present, and the slight self- 
denial involved in the observance of sanitary laws will be more than com- 
pensated for by the increased capacity for enjoyment which goes with a 
healthy body. 

The importance of sanitary science being admitted, the question arises 
of the best method of advancing its study and applying the results of such 
study. In cities, and large towns of more than 100,000 inhabitants, the 
interests of citizens are so diverse, the mass of material to be dealt with 
is so great, and the individuals composing the community have so little 
acquaintance with each other, that they find it worth their while to em- 
ploy persons at fixed salaries to conduct the affairs of government. In 
such offices there is generally enough to do to occupy the incumbents 
most of their time and render the pursuit of other occupations impossible. 
In such places, therefore, the sanitary needs are best looked after by a 
salaried board of health, whose members as a rule are men of the medical 
or engineering profession, but who require for the proper performance of 
their duties some acquaintance with the principles of chemistry and 
physics. These officers should devote their whole time to the work of the 
board, and should feel that the responsibility for the health of the city 
rests upon their shoulders. 

In towns with a population of less than 100,000, but greater than 
10,000, while the work devolving upon such a board of health is less than 
in the large cities, it is still sufficient in amount to make it desirable that 
special officers should have it in charge. In towns of this size there can 
generally be found persons who have studied the subjects of drainage, 
ventilation, disinfection, etc., and are qualified to advise their fellow- 
citizens regarding them. In these smaller communities it is esteemed an 
honor to be tendered an office of this character, and it may generally be 
filled at a nominal salary, or with no salary at all, as, excepting in ex- 
traordinary contingencies, its duties would occupy only a small portion of 
the incumbent's time. 

But in smaller towns and villages, a board of health is not often prac- 
ticable. There is not enough demand in such places for the services of 
a sanitary expert to make it worth his while to settle there. The call for 
such knowledge as his is small at the best, and it is for his interest to live 
M'here that call is likely to be greatest, i. e., in a large town. There is 
usually, therefore, no person in a village who possesses sufficient acquaint- 
ance with sanitary science to act as adviser to his fellow-villagers. It 
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becomes necessary, tlien, for those villages that desire to enjoy the 
benefits of sanitary science, so far as it is able to benefit them, to adopt 
some different method of assuring themselves that their surroundings are 
made as salubrious as possible. 

It seems probable that the best means of accomplishing this end is the 
formation of village sanitary associations entirely independent of any 
local government. In small places, the citiz^is are so well known to eacli 
other by reputation or personal acquaintance, that such associations could 
be made to work harmoniously, effectively, and cheaply. Before entering* 
into the question of their organization, it may be well to consider briefly 
what the objects of such an association should be. 

1. It is desirable that all the houses in the village should be carefully 
inspected with reference to their situation, construction, drainage, venti- 
lation, exposure, etc. Defects in any of these particulars should be rem- 
edied. Not only dwellings should be thus examined, but shops, stables, and 
public buildings. The possibility of the pollution of wells, cisterns, and 
running streams, by the drainage of houses, stables, factories, cemeteries, 
etc., should be borne in mind and carefully guarded against. The nature, 
position, and number of shade trees are matters of importance. In many 
villages these are so large and numerous, and surround the dwellings so 
closely, as seriously to interfere with the proper and healthful supply of 
light and air. A cottage, covered with woodbine or honeysuckle, and 
embosomed in trees and shrubbery, so that only glimpses of its white can 
be seen from the highway, is a very pretty addition to the charms of a 
rural landscape, but the interior of such a dwelling is often gloomy in the 
extreme, and the depressing mental effect of the sunless rooms is added 
to the physical injury caused by the deterioration of the atmosphere, 
which always takes place where the light never penetrates. Trees should 
be planted with great discretion, and never in such situations that the 
sunlight will be kept out of a room by them during the whole day. 

This inspection of dwellings and grounds should take place at least 
once every year, for the corrosive effect of the gases contained in the soil- 
and waste-pipes, the assaults of rats, the expansion of frozen contents, 
etc., may at any time break a pipe or dislodge the luting of a joint, and 
give free vent to foul and dangerous gases. Obstructions are also liable 
to occur from various causes, which, if not removed, may eventually have 
inconvenient, if not serious, results. 

As the other details falling under this heading are mainly those of 
construction, and improvements once made in that direction are perma- 
nent, the methodical annual or semi-annual inspection which is recom- 
mended will have mainly to do with the house drainage. 

2. The water-supply of the village and of the individual dwellings 
ought to be occasionally examined, both analytically and with the micro- 
scope, particularly that which is used for drinking and other table pur- 
poses. The original quality of the water is of importance as regards the 
health of those who use it, an excess of the lime-salts, for instance, being 
as injurious in the long run as a marked deficiency. In the country, much 

Vol. II.— 37 



578 



VILLAGE SANITARY ASSOCIATIONS. 



more than in cities, the water of wells and cisterns is likely at any 
time to be polluted by the escaping contents of house and stable drains, 
cesspools, privy vaults, etc. Many cases of disease have been traced to 
the use of Avater polluted in these ways, under circumstances that admit 
of no other explanation of their origin. 

3. Examinations of food should be made from time to time. Although 
there is doubtless much exaggeration in the newspaper statements as to 
the frequency and the dangerous character of adulterations, some adul- 
teration is practised, and in articles of food where it is likely to do harm. 
Some of the simpler methods of detecting these may be employed by any 
person, Avith only the instruction to be obtained from books, while others 
require more elaborate chemical tests and expert microscopical examina- 
tion. It is not intended to suggest that every mouthful of food should 
be subjected to these tests before it passes the lips, but there should 
be means at hand of obtaining a proper examination of suspected matters. 
Not only manufactured articles are to be thus examined, but meats. It 
is not too much to require that at least all pork which is to be eaten raw 
or half-cooked, should invariably be examined with the microscope before 
it is used as human food. 

4. Disinfection should be made a special study. Owing to the elaborate 
and painstaking investigations of German, French, and English chemists 
and physicians, we are beginning to have a practical knowledge of the 
properties and methods of action of many substances used as disinfectants. 
Some of these are useful for one purpose, and others for another, and 
they are by no means to be used, as they so often are, without discrimi- 
nation. Intelligent employment of them, with reference to the principles 
on which they act, can of course only be made by one who understands 
something of chemistry, but plain and detailed instructions may be 
framed, which will enable the laity to use them with more discernment 
than at present. They are useful in the abatement of the ordinary nuis- 
ances caused by dead animals, stables, privy vaults, compost-heaps, etc., 
but are of j^aramount impoi'tance in the management of contagious dis- 
eases. 

5. There should be some way of obtaining good advice as to the 
management of epidemics. Much of the terror and helplessness displayed 
by our rural jDopulation when epidemics visit them comes from ignorance 
of their nature and of the means of combating them. To be sure, our 
knowledge of the causes of ej^idemic diseases, the method of their propa- 
gation, and the best means for controlling their spread, is yet in its in- 
fancy, and still enough of success has been attained in particular instances 
to give us great encouragement for the future. 

The neglect of all attempts to control epidemics is at present a marked 
feature of country life. When scarlet fever or diphtheria appears in a 
virulent form in a rural village, attention is much more likely to be paid 
to prayer-meetings, fasts, and acts of religious devotion generally, than to 
personal efforts for self-protection. Attention to one's religious duties is 
jDraiseworthy enough, though the sincerity of such devotion may well be 
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questioned when it is chiefly displayed in the presence of a pestilence. 
However this may be, enough is known already of the nature of such 
diseases to render it certain that their prevalence in a community and 
their continued devastation are to be attributed to the ignorance, care- 
lessness, or obstinacy of the people themselves, rather than to the direct 
fiat of the Almighty. It would be well if the inhabitants of every village 
could be brought to believe and act upon the belief, that they themselves, 
and not Divine Providence, are responsible for the condition of things. 

6. Such associations may do much toward the investigation of epide- 
mic diseases. These are still so imperfectly understood, that all the in- 
formation that can possibly be obtained respecting them is needed. Every 
case of such disease, whether contagious or not, should be carefully in- 
vestigated, and all essential particulars of its history recorded in such a 
way as to be easy of reference. There are many questions waiting for a 
solution. Epidemic diseases rarely attack every inhabitant in a place. 
Why so ? What is the difference in constitution, habits, mode of life, age, 
sex, etc., that renders certain persons safe ? Do such diseases ever origi- 
nate de novo f If so, under what circumstances ? Why does the mor- 
tality of epidemics vary from year to year ? At how great a distance can 
the contagious element of a disease produce its effect ? Why are certain 
persons so much more severely affected than others ? Do facts bear out 
the germ theory of such diseases ? 

To facilitate the investigation of such problems, it would be advisable 
to have 'printed forms to be filled out by the observer, and afterward re- 
vised by the proper persons. The following blank may serve to illustrate 
what is meant, and to suggest some of the points which should be at- 
tended to. 

Case of Contagious Disease. 



1. Name (initials) ? 

2. Age? 

3. Sex? 

4. Occupation ? 

5. Race ? 

G. Nationality ? 

7. Height'? 

8. Weight? 

9. Complexion ? 

10. Hair and beard (abundant or scanty, 

coarse or fine, straight or curled. 
Color : If gray, color in youth) ? 

11. Eyes (color, defective vision, etc.) ? 

12. Temperament "? 



13. Hereditary taint ? 

14. Habits of life (sleep, eating, drinking, 

etc. ) ? 

15. Physical condition at time of attack ? 

16. Previous diseases ? 

17. Date and manner of exposure (known 

or possible) ? 

18. Date of first symptoms ? 

19. Character of disease (pulse, tempera- 

ture, etc.) ? 

20. Duration? 

21. Complications? 

22. Death (cause of) ? 

23. Remarks. 



In cases of epidemic diseases, which are believed not to be due to 
contagion, other particulars are required in addition to those given above, 
as follows: 

1 . Any recent change in habits of life 2. Source of drinking-water used by pa- 
(unusual articles of food, etc. ) ? tieut ? 
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o. Location of office, work-room, and 
sleeping-room y 

4. Proximity to focus of epidemic ? 

5. Sanitary condition of dwelling (drainage, 

situation, exposure, air, light, etc.)? 
0. Prevalence of disease among animals 
and vegetables ? 

7. Any prophylaxis attempted ? 

8. Disposal of excreta ? 



9. Meteorological conditions (prevalent 

winds, temperature, barometric 
pressure, hygrometric condition 
etc.)? 

10. Character of the season (wet or dry, 

cold or hot, etc. ) ? 

11. Character of previous winter or sum- 

mer ? 

12. Previous epidemics in place ? 



Many other questions will suggest themselves to those who think upon 
the subject in earnest. 

Quite as important is the investigation of endemic diseases, which are 
so prevalent in many parts of our country. The type and exemplar of 
such diseases is the malarial fever, which takes upon itself so many forms, 
and causes so much misery and so many broken constitutions in theAVest 
and South-west, and which shows itself with something less of intensity 
at various points along the Atlantic coast. Typhoid fever can almost be 
called endemic in the beautiful valley of the Connecticut, and tetanus in 
a certain district of Long Island. These diseases are due to local causes, 
and it is altogether probable that these causes will at some time be ascer- 
tained; and when they are once known, means can be adopted for their 
extinction. 

The blanks for recording such cases should contain some questions 
which are not necessary for the records just mentioned. Especially im- 
portant are those relating to the character of the soil and vegetation, and 
the geological and topographical peculiarities of the country. The fol- 
lowing questions might be inserted in the blank: 



1. Character of soil and subsoil? Allu- 
vium? Clay? Sand? 

3. Prevailing vegetation ? 

3. Character of rock and stone in vicin- 
ity ? Volcanic ? Stratified ? 



4. Mountain, valley, or plain ? Soil well 
drained ? Swamps ? Ponds ? Frequent 
freshets ? Etc. , etc. 



The above suggestions are but indications of what village sanitary 
associations may find to do. I have only attempted to draw in broad 
lines a scheme which may possibly some day be filled out by others in 
detail. 

Such being in general the objects to be had in view by village sani- 
tary associations, it remains to consider the best means of accomplish- 
ing these objects. It needs no argument to show that more thorough 
and valuable work will be done if a regular organization is formed, with 
proper officers, each of whom has special duties to perform, to which he 
is strictly confined. The less of laxity there is in the formation and 
management of such an association, the more reliable will be its reports 
and records, and the more valuable its advice and assistance to its mem- 
bers. 

The first step is to form a society, however small, as a nucleus, around 
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which growth may take place. Such a society will naturally, at first, be 
composed of the most intelligent people of the place, and of those who 
understand its objects and something of its methods of working. This 
will render the matter of organization an easier one than it would be, for 
instance, in a political club or a debating society, where eveiy one is so 
anxious to be first as to create disorder. A president is necessary, and a 
vice-president, to take his place when he is absent. A recording secre- 
tary is absolutely essential, as not only the minutes of the meetings, but 
many of the communications and papers must be filed and preserved. It 
is well to have a corresponding secretary; for, if the association is suc- 
cessful, it will be desirable, and, in the case of epidemics, perhaps neces- 
sary, to have official communication with other similar bodies. A treas- 
urer will be needed; for, although the expenses need not be great, there 
will be some printing to be done; and the services of experts, who may 
be called on, must be paid for. This makes up the list of the necessary 
executive force of the association. 

The management should be entrusted to a number of persons chosen 
from among the members of the association, who may be called trustees, 
committeemen, councilmen, members of an advisory body, or by any 
other name that seems appropriate. They are to constitute the brains or 
guiding force of the association, and are to manage all affairs, excepting 
such as by the terms of organization are reserved for the action of the 
association as a whole. The size of such a committee must, of course, vary 
with the size of the body from which it is taken; but it should consist of 
at least three members, and should rarely include more than nine, or it 
may become unwieldy. The number of members, it is almost needless to 
say, should be odd, so as to avoid tie votes; although it is joerhaps worthy 
of consideration whether it might not be well to have the number even, 
and refer all tie votes to the general body of members for discussion and 
final decision. 

It will of course be necessary sometimes to call in the services of sani- 
tary experts for the inspection of houses and grounds, and for chemical 
and microscopical examinations. Such services must be remunerated; 
and it is better that the advisory body should fix such fees beforehand, 
and should make arrangements with certain men, so as to be able to ob- 
tain their advice when it is wanted. If there is such an expert living in 
the place, he may be engaged at an annual salary, or be paid in fees, as the 
association may think best. In extraordinary cases, where there are un- 
usual difficulties in the way of an investigation, or special knowledge or 
finely trained abilities are needed, it may become necessary to employ a 
specialist of wide reputation, at a greatly increased expense. It would 
probably be advisable to refer such matters to the w^hole association for 
decision. 

One or two suggestions with regard to the formation of the advisory 
body, council, or committee, may not be out of place. If the scheme above 
sketched be followed out, or if the scope of the association includes the 
investigation of the causes of special outbreaks of disease, there will be 
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many questions of evidence before it for examination. The reports of 
cases of disease, of circumstances, of local characteristics, of supposed cases 
of contagion, etc., will come before it for approval before being placed upon 
the records. Every such report must be carefully read, the evidence 
sifted, and the conclusions tested. To do these things properly requires 
a company of men who are used to the examination of evidence; and in- 
asmuch as what is evidence to a physician is not always so to a lawyer, 
and, vice versa, as different men, by their different modes of life and dif- 
ferent habits of thought, look at the same subject from different sides, it 
is desirable that this critical tribunal should be as many-sided as possible. 
It should, at all events, include a lawyer, a physician, and a practical 
business man, and, if it consists of a sufficient number of members, should 
include also an architect, a plumber, and a civil engineer, though the 
latter can be called in as experts to assist the deliberations of the former. 
The choicest tribunal would be the one first named, for its members 
would all have minds trained to work well in certain different directions; 
they would all be accustomed to the weighing of evidence, and, having no 
pet theories to exploit, would not be apt to be biassed. 

It would be absolutely necessary for the successful working of such an 
association that its members should have free access to books of reference 
on the subjects about which "they would need advice. There are many 
excellent books on drainage, food and water, epidemic and endemic dis- 
eases, which are intelligible to non-experts, and which, if properly availed 
of, might often enable them to do without expert services, excepting in 
cases of unusual obscurity. The association should therefore have a 
library, kept in some place where it could readily be consulted by mem- 
bers. For this and other reasons which will suggest themselves, it would 
be advisable to have a special room for meeting, instead of going to the 
houses of members. The latter practice would soon involve the prepara- 
tion of refreshments, and what were intended at first to be purely business 
meetings would degenerate into occasions of social festivitv, which would 
eventually prove fatal to the interests for which the association was 
formed. In the meeting-room or office the library should be kept. A 
good collection of books upon these special subjects may be made at a 
comparatively small expense. The following may be suggested as a 
nucleus for such a librarv: ' 

Fothergill : The Maintenance of Health. London, 1874. $3.00. 
Cameron : Manual of Hygiene. London, 1874. |4.20. 
Blyth: Dictionary of Hygiene and Public Health. London. 1876. $11.20. 
Parkes : Manual of Practical Hygiene. London, 1878. $6.00. 
Slagg: Sanitary Work in the Smaller Towns and in Villages. London 1876 
$3.50. ' 

Waring: Sanitary Drainage of Houses and Towns. New York, 1876. $3.00. 
Denton : Sanitary Engineering. London, 1877. $10.00. 
Hellyer : The Plumber and Sanitary Houses. London, 1877. $.3.50. 
Egleston: Villag es and Village Life. New York, 1878. $1.75. 



■ These works may be procured through any bookseller, or from Messrs Wm Wood 
& Co. , New York. 
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Latham: Sanitary Engineering. London, 1878. $1"2.00. 

Ba\ les : House Drainage and Water Service in Cities, Villages, and Rural Xeigh- 
borhoods. New York, 1879. $3.00. 

Smith : Foods. New York. 187:3. $1.75. 

Hassall : Food : Its Adulterations and the Methods for their Detection. London 
1876. 19.00. 

Fox : Sanitary Examination of Water, Air, and Food. London, 1878. $4.00. 

The manuals of Parkes and Cameron give information regarding dis- 
infection and the care of contagious diseases. The choice of works on 
epidemic and endemic diseases had better be left to the medical member 
or members of the association.' Seventy-five or a hundred dollars would 
buy an excellent working library and all the journals needed. Among 
periodicals, some of which should certainly be taken for the general use, 
the following may be recommended: 

The Sanitary Record (weekly). Published in London. Subscription price, 19s. 6d. 
The Sanitarian (monthly). Published in New York. Subscription price, $3.00. 
The Plumber and Sanitary Engineer (semi-monthly). Published in New York. Sub- 
Bcription price, $3.00. 

The further details of organization must bo left to be specially deter- 
mined in each case. The situation of a village, the character and habits 
of its population, its wealth or poverty, intelligence or stupidity, render 
the conditions under which such an association must exist so variable, 
that it is impossible to frame a constitution and by-laws to suit all cases. 
There are at present but a few such associations in existence, and these 
are nearly all in Great Britain, which in sanitary science leads the world. 
The oldest one of which I have been able to find any account was founded 
at Tottenham, in 1871. One was established in Edinburgh in 1878, and 
shortly afterward one upon the same plan as the latter was formed at 
Newport, Rhode Island, which is believed to be the first of its kind in this 
country. The Edinburgh and Newport associations confine themselves 
chiefly to the examination of the sanitary condition of dwellings and 
the analysis of water. The latter may serve as a model for others in this 
country, and its organization maybe understood from the following state- 
ment, which has been printed and circulated by order of its council: 

THE SANITARY PROTECTION ASSOCIATION OF NEWPORT, 

RHODE ISLAND. 

(Establishea November 11, 1ST8.) 

Office, Gas Company's Building, Thames Street, Room No. 9. 

[The officers of the Association consist of a "council" of eleven, including tho 
president, vice-president, recording secretary and corresponding secretary, a consult- 
ing engineer, an inspecting engineer, and an analyst.] 



' For a more complete list of the works which it would be desirable to have in such 
a library, consult the bibliography at the end of the introduction, and also the lists 
that accompany some of the other articles in these volumes. 



584 



VILLAGE SANITAHY ASSOCIATIONS. 



The Secretary will be at the office of the Association dally, from 11 to 12 A.M., to 
receive applications for inspection, etc. 

GEKERAL OUTLINE OF THE OBJECTS OP THE ASSOCIATION AND TKIVILKUKS OK 

MEMBERS. 

1. To provide its members, at moderate cost, with such advice and supervision as 
shall insure the proper sanitary condition of their own dwellings. 

2. To enable members to procure practical advice, on moderate terms, as to the 
best means of remedying defects in houses of the poorer class, in which they may be 
interested. 

3. To aid in improving the sanitary condition of the city. 

The first inspection does not cause any disturbance to household arrangements. It 
is followed by a report making sijecific recommendations, if any improvements in the 
household arrangements are thought necessary. The members are not bound to carry 
out these recommendations. 

The subsequent annual inspection will, so long as the sanitary arrangements remain 
in working order, entail no expense beyond the annual subscription. 

The following is a formal statement of the privileges of members. The annual in- 
spection spoken of in the second paragraph will form the main business of the Associa- 
tion. It is believed that no system of drains, or other sanitary appliances, can be 
depended upon to remain in perfect order without skilled insiiection ; and this skilled 
inspection can be cheaply and efficiently jirovided by the As.sociation. 

Each member is entitled to the following privileges in respect of property within 
the municipality of Newport : 

1. An immediate report by the Inspecting Engineer of the Association on the sani- 
tary condition of one dwelling or property, with specific recommendations, if necessary, 
jis to the improvement of drainage, water-supply, and ventilation, and a report upon 
the water by the analyst. 

2. An annual inspection of his premises, with a report as to their sanitary condi- 
tion. 

3. Occasional supplementary inspection and advice concerning the dwelling or 
property in respect of which he is a subscriber. 

4. Each member by his annual payment secures the above privileges in respect of 
one dwelling or property occupied or designated by him. Should he be interested in 
two or more dwellings or properties, as owner or occupant, he may secure equal privi- 
leges in respect to them all, by paying the annual subscription for each. 

5. A report, to be obtainable on payment of a special fee, on any dwelling or prop- 
erty, or plans thereof, which he may wish to hire or purchase. 

6. Reports by the officers of the Association as to the sanitary condition of any 
dwellings or properties of the very poor, on payment of a moderate fee. 

7. A report, without fee, upon the sanitary condition of any public building, as 
church, school-house, or place of public resort, within the city of Newport. 

SANITARY PROTECTION ASSOCIATION, NEWPORT, RHODE ISLAND. 

Objects of the Association. 

The objects of this Association, based upon that recently found so succes.sful at 
Edinburgh, and the first of the kind, so far as known, as yet established in this country, 
are, as already more briefly stated, threefold : 

1. To provide its members, at moderate cost, with such advice and supervision as 
shaU insure the proper sanitary condition of their own dwellings. 

Note. — The cost of precisely similar reports to those furnished by the Association 
to its members, would, to private individuals employing the same experts, or others of 
the same standing in their professions, amount to at least four times the sum. 
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2. To enable members to procure practical advice, on moderate terms, .is to the 
best means of remedying defects in houses of the poorer class, in which thej"^ are in- 
terested. 

3. To aid in improving the sanitary condition, and consequent good repute of the 
city, by following such course as, in the opinion of the Council, may seem calculated 
to promote this object. 

The Association, in reality a mutual insurance company for the preservation of 
private and public health, is not intended as a substitute for municipal inspection, 
and will not conflict with the public authorities, but will supplement their action. 

The Association will, however, be in a position to bring to the notice of the public 
authorities any infractions of their regulations, which, in the opinion of the Council, 
may call for the adoption of this course. To this end it will receive and patiently 
consider complaints of sanitary defects or nuisances, public or private, within the city 
limits. 

Conditions of Membership. 

Persons become members upon payment of an annual subscription which, for origi- 
nal members, is limited to six dollars for permanent residents of Newport, and ten 
dollars for those whose houses are closed for a jjortion of the year ; this difference 
being based upon the fact that premises continuously occupied are more likely to be 
kept in good order, and therefore to require less rigid and expensive examination. 
Membership shall cease upon failure at any time to pay this annual subscription within 
three months after it shall have become due. 

At any time after June 1, 1879, the Council shall have the power to increase the 
annual payment to be made by new members, but they shall not have the power to 
increase the annual payment to be made by original members. 

Prioileges of Members. 

Each member shall be entitled to the following jirivileges in respect of property 
within the municipality of Newport : 

1. A report by the Inspecting Engineer of the Association on the sanitary condition 
of one dwelling or property', with specific recommendations, if necessary, as to the im- 
provement of drainage, water-supply, and ventilation ; and a report upon the purity 
of the drinking- or cistern-water by the Chemical Analyst These reports will be ob- 
tained upon joining the Association, or as soon thereafter as may be. Should the In- 
specting Engineer consider it necessary, for the thoroughness of the examination, to 
employ a laborer for opening wainscotings, lifting floors, digging along the course of 
a drain, etc., the actual expense of the same will be charged to the member interested. 

Note — No obligation will rest on members to carry out the recommendations 
made to thein. 

2. An annual inspection of his premises, with a report as to their sanitary condition. 

Note. — No single inspection of any premises will secure permanent efficiency. 
Methodical inspection from time to time is absolutely necessary as a protection against 
inevitable decay, neglect, and accidental disturbance. Examples of failure where de- 
sign and construction were good are of daily occurrence, and are due to such causes as 
the gradual stopjnng of pipes and drains by kitchen grease and rubbish, the corrosion 
of metal pipes, the fracture of earthenware pipes, the stopping of ventilating openings 
by dirt, and the jiollution, from various sources, of the water-supply. The prevention 
of disease is infinitely better, for the individual and for the community, than attempts, 
too often futile, at its cure. 

3. Occasional supplementary inspection and advice concerning the dwelling or prop- 
erty' in respect of which he is a subscriber ; as upon the outbreak upon the premises 
of any serious or suspicious disease, or during the prevalence of an epidemic. 
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Note. — " It is unfortunate that sewer-gases are not more offensive to the senses, 
as it is only in extreme cases that the leakage can be detected by the smell. Owing to 
this odorless impregnation of the atmosphere with emanations from the sewers, lan- 
guor, stupor, headache, nausea, loss of appetite, disturbance of the bowels, and even 
low fevers caused by sewer-gas, often make their appearance in families without 
arousing a suspicion of their true cause. 

" House-drains and waste-pipes, to be safe, must at all times be air- and water- 
tight and have ample ventilation. Every dwelling should have a distinct and separate 
sewer-connection. This should be properly trapped near the street ; should be con- 
structed of iron with tight joints, or of vitrified earthenware or cement with tight 
joints, not of common mortar, and the bed on which the sewer rests should be thor- 
oughly rammed to prevent subsequent settling of the pipe. The soil-pipe, where it 
enters the sewer, should be properly trapped and securely joined, and should be made 
of iron with well-leaded joints. The waste-pipes from the basins, water-closets, 
sinks, and bath-tubs should be weJl trapped. The soil-pipe should be extended through 
the roof, of undiminished diameter, to secure constant ventilation, and prevent siphon- 
ing. Specially objectionable are the old-fashioned brick drains and leaden soil-pipes." 
Pipes and drains should always be carefully protected from the frost. 

4. Each member, by his annual payment, secures the above privileges in respect of 
one dwelling or property occupied or designated by him. Should he be interested in. 
two or more dwellings or properties, he may secure equal privileges in respect of them 
all by paying the annual subscription for each. The Council will determine in each 
case what shall be considered one dwelling or property. 

5. A report, to be obtainable on payment of a special fee of three dollars, on any 
dwelling or property, or plans thereof, other than that in respect of which he pays aa 
annual subscription. 

Note. — This privilege is meant to enable intending occupiers to avail themselves 
of the services of the Association. 

6. Reports by the officers of the Association as to the sanitary condition of any 
dwellings or properties of the very poor, on payment by the member requesting it of a 
fee of one dollar. 

Note. — It is understood that no premises will be inspected unless the occupants 
themselves consent to the inspection. 

7. A report upon the ventilation, etc., of any school-house, church, or other public 
building, whose sanitary condition, if faulty, may imperil the health of a citizen or 
member of his family. The expenses of such inspection will be met from the general 
fund of the Association, and the reports thereof be accessible, upon application, to 
every member. 

8. A vote in the election of the Council, who manage the affairs of the Association. 

Meetings. 

A meeting of the Association will be held annually on the second Monday of No- 
vember, at 4 P.M., at which a council of eleven members will be chosen, four of whom 
shall at any time be a quorum. 

The Council shall meet as often as from time to time may be found necessary for 
the disposal of business, and have power to call extraordinary meetings of the Associa- 
tion when they think proper. 

Officers of the Association. 

Council. — The affairs of the Association shall be managed by a council, who shall 
receive no remuneration, and who shall be elected by the members of the Association 
from among their own body. The Council shall from their body elect a president, 
vice-president, recording secretary, corresponding secretary, and treasurer. 

The Council shall have power from time to time to frame by-laws for the better 
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administration of the Association, and to extend its influence, but not to alter the 
general objects of the Association. 

The Council shall appoint, and shall have power to dismiss, all paid officers of the 
Association. These officers shall consist of a Consulting Engineer, an Inspecting 
Engineer, and a Chemical Analyst. 

All expenditure of the funds of the Association shall require the sanction of the 
Council. 

Recording Secretaky. — The Recording Secretary shall keep the minutes of the 
meetings of the Association and Council, and a register or list of all communications, 
reports from the Inspecting Engineer and Analyst, complaints of public and private 
nuisances, etc., etc., which may be made to the Council, in the order of their dates. 
He shall prepare, and cause to be issued to all the householders and owners of real 
estate in Newport, and to such other persons as the Council may direct, printed copies 
of a circular setting forth the objects and privileges of the Association. 

Corresponding Secretary. — The Corresponding Secretary shall attend to such 
correspondence on behalf of the Council as may tend to assist in ihe general establish- 
ment of sanitary protection. 

Treasurer. — The Treasurer shall receive and take charge of the funds belonging 
to the Association, collecting the money when due, and granting the necessary receipts. 
He shall likewise make payments on account of the Association, under the direction of 
the Council. He shall kee^) regular books of accounts, and his accounts shall be periodi- 
cally audited by a committee of the Council. He shall at the Annual Meeting submit 
an abstract of the income and expenditures of the Association for the preceding year. 

Consulting Engineer. — The Consulting Engineer shall give advice to the Coun- 
cil when requested to do so, both as to general principles and particular cases present- 
ing any difficulty. His remuneration shall be fixed by the Council, and based solely 
upon the amount and character of the services rendered. 

Inspecting Engineer. — The Inspecting Engineer shall visit the premises of mem- 
bers as soon as possible after receiving notification to do so, and shall in all cases report 
in writing to the Council, who, when they have approved the report, will transmit the 
same to th^^ member interested. In cases of emergency, a verbal report shall also be 
made by him to the member interested. His remuneration shall be fixed by the Council. 

CHEMiCAii Analyst. — The Analyst shall carefully examine such specimens of 
water as may be referred to him by the Council, and his remuneration shall also be 
fixed by the Council. 

It will be observed that the main object of this association is to 
enable its members to obtain the services of a sanitary expert at a 
cheaper rate by clubbing together than they could do separately. It 
is eminently a society constituted for personal ends, and not for the 
general benefit. There is a dash of public spirit in the proviso that any 
member, by payment of a special fee, may have public buildings inspected, 
and also the dwellings of the poor in whom they may be interested; but 
the aim of the association is essentially private, and there is no provision 
and no indication of any desire for the collection of the eminently valu- 
able information which it is within the power of such a body to gather. 

In a place where regularly constituted municipal authorities have 
charge of the public health, and where the management of an epidemic 
would naturally devolve upon them, the proviso of the Newport Associa- 
tion, that " no obligation will rest on members to carry out the recommen- 
dations made to them," is admissible, and perhaps in an association of 
precisely that character is necessary, in order to secure the adhesion of 



588 



VILLAGE SANITAKY ASSOCIATIONS. 



many desirable members. But the members of A-illago associations falling' 
within the scope of this article should be made to feel that certain obliga- 
tions are imposed upon them. They should, it seems to me, be obliged to 
comply Avith the orders of the advisory body, or, at any rate, of the full 
meeting of members, or else sever their connection with the association. 
There is supposed to be in such villages no liealth official, and no public 
authority whose duty it is to control the spread of disease. The recom- 
mendations made by this self-constituted jjrotective association will be, in 
many cases, the result of mature deliberation, and intended to inure to 
the advantage of the })ublic as well as to that of the individual. If, by 
reason of the probable expense, or trouble, or inconvenience, he considers 
it better to decline to comply with suggestions, he must feel that he is 
23erhaps not the only one Avhose interests are to be consulted, or whose 
home is to be protected. The precise limits of the authority of such an 
association must, of course, be determined by each community for itself. 

The field marked out in this chapter is probably too extensive to at- 
tract at present the tillage of persons who are not especially interested in 
the growth of sanitary science; but village sanitary associations may be 
formed for only one or two of the purposes mentioned. It could not be a 
loss, and would almost certainly be a great gain to any community, to form 
such a body. Unless the preposterous claim be maintained that villages are 
now as healthy as they can be, and that there are no unsanitary influences 
at work in them, then there must be room everywhere for sanitary im- 
provements. When these are carried out, the health of the people must 
necessarily be bettered. This means not only a smaller death-rate, and 
less sickness, but a positive increase of vigor, and a consequent increased 
enjoyment of life. Healthy people are the happiest, whether poor or 
rich. 

What such an association can actually accomplish may be shown by 
quoting the results obtained by the one in Tottenham. For the following 
brief account of this body and its work, I am indebted to the Plumber and 
Sanitary Engineer (Oct., 1878). " In 1871, Dr. E. H. May and sixty other 
o-entlemen organized such an association, which has brought to an end 
the pollution of the water-supply, ventilated the old sewers and had new 
ones built, abated nuisances, increased the water-supply, and vigilantly 
^supervised the dairies and slaughter-houses. Visible result: in spite of 
rapid growth of population, the total number of deaths from fevers during 
the three years 1874, 1875, 1876, was only 23, as compared with 99 during 
the years 1871, 1872, 1873 ; the deaths fi •om diarrhoea were only 52, as 
compared with 86; and the seven principal zymotic diseases only 200, as 
compared with 343. In spite of the rapid growth of population, as evi- 
denced by the fact that the total number of births during 1874, 1875, 1876 
was 445 more than during 1871, 1872, 1873, the total number of deaths 
was only 79 more. As a consequence of the confidence inspired in the 
public by these measures, in spite of the present general commercial de- 
pression, there were less than 200 empty houses in Tottenham in 1876, 
while in 1871— a time of great commercial prosperity generally the num- 
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ber was as liigh as GOO." Such figures really need no comment. They 
appeal to the pocket of the capitalist as well as to the heart of the 
philanthropist. 

In some places quite extensive works have been accomplished by the 
co-operation of public-spirited citizens, without the formation of a so- 
ciety as herein suggested. Meetings of citizens have been held, gener- 
ally with a view to relieving the town from malaria; funds have been 
raised by subscription or assessment, engineers employed, and thorough 
drainage of suspected spots carried out, with very gratifying results. 
This has been notably the case at Bay Ridge, in the immediate vicinity 
of New York. Although in these cases the work is not that of a sanitary 
association, yet it is done with private funds, and under the supervision of 
private individuals, and serves well to show what energy and public spirit 
can accomplish in this direction. The following account of the work at 
Bay Ridge was kindly furnished by Geo. T. Hope, Esq., who was ap- 
pointed commissioner to supervise and direct the work in company with 
Messrs. Adrian B. Denyse and Rulof Van Brunt. 

" Bay Ridge adjoins the southerly edge of Brooklyn, and is bounded toward the west 
by that entrance to New York harbor called 'the Narrows.' The land rises from 
the water by irregular gradations, until, at the distance of somewhat more than a mile 
from the shore, an elevation of over one hundred feet above the tide-level is gained, 
from which point it descends until it reaches the grade of the extensive and level 
tract, parts of which bear the expressive names of JP^ldthnsh, FldtlsLnds, etc. The Bay 
Ridge elevation is a continuation of the heights of Prospect Park and Greenwood 
Cemetery, which stretch through the intervening part of Brooklyn almost to the south- 
erly extremity of Bay Ridge. The westerly slope has lost nearly all of its forest 
growth, while much of such growth still remains on the easterly slope. The subsoil 
is nearly everywhere sandy, and is without rock save now and then a boulder. There 
is found occasionally an underlying stratum of tenacious soil, reddish in color, and 
known in the neighborhood as " hard pan." This material, which sometimes crops 
out to the surface, is generally found in patches widely separated from each other. 
It has been shown in well-digging that the prevailing sandy subsoil reaches down fifty 
or seventy-five feet below the surface. There has been found also, in a very few in- 
stances, during the process of excavating for drainage, a thin stratum of whitish claj-. 

" Nearly twenty years ago (in 1859) the unusual prevalence of intermittent fevers 
led a few of the inhabitants to seek for the cause, and a half-day's travel, pioneered 
by an intelligent and life-long resident, disclosed the fact that, while Bay Ridge con- 
tained no marshes within its limits, just beyond its borders, low down on the eastern 
slope of its elevated portion, and in the fort Hamilton district, close to its southern 
boundary, there were to be found a great many ponds and marshes of stagnant 
water. 

"Residents of Bay Ridge and Fort Hamilton united in an efiPort to secure legislative 
authority for removing the nuisance, and for raising the needed money by assessments 
upon property iia Bay Ridge, Fort Hamilton, and so much of the adjacent district as 
needed to be drained. An Act to this end was passed and commissioners were ap- 
pointed to carry it into effect. The law prescribed that the commissioners should not 
be residents of the districts to be assessed, and at the same time fixed their compensa- 
tion at an insignificant sum. The result was that a long time elapsed without action. 
In the end these commissioners resigned, and the occurrence of the war of sece.ssion, 
and the financial evils apprehended from it, led some of the inhabitants to seek and 
secure from the legislature an enforced delay in the work. Many of the residents 
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were opposed to the effort to dry up the sources of intermittent fevers, urging as 
their reason for this opposition ' that the place was very healthy, that no one had 
ever died of chills and fever, that that disease was readily known and easily treated, 
that it was a good thing that their diseases took that form, and that, if the advocates 
of draining were successful and that fever disappeared, some other form of disease, 
more dangerous and more difficult of cure, would be sure to take its place ! ' They 
fortified their position by an appeal to the large number of people of very advanced 
iiges who had spent their whole lives in the neighborhood. 

Notwithstanding these arguments and apprehensions, the parties who favored 
drainage were unconvinced, and in 1869 the Fort Hamilton part of the district com- 
prised in the original Act was set apart as a distinct drainage district, and the 
commissioners appointed have accomplished much for the general health under the 
in'ovisions of the law. 

My own intimate relation to drainage is, however, confined to the northerly, or 
Bay Ridge district, which comprises a large region outside of and northerly and 
easterly from Bay Ridge, in which outside district the ponds drained were located. 
In the year following this setting apart of the Fort Hamilton district, the law was re- 
vised as to the remainder of the region included in the original Act. The amount to 
be expended was limited to $30,000, and a provision for appointing as commissioners 
parties immediately interested and living within the boundaries of the district was in- 
cluded in the amended Act. 

Action was promptly taken ; the entire amount named in the Act was assessed and 
collected, and the work was begun. It was soon apparent to the Commissioners that 
to accomplish the needed work with the means at their disposal required very judi- 
cious and deliberate progress. The earlier expenditures were at points where the 
greatest results could be obtained at the least cost, and they sufficed to drain the 
water from several series of large ponds and marshes, and leave the land in a condition 
for profitable tillage. Where a thrifty growth of corn stood in the autumn there had 
but a year or so before been a large pond, in which one ' rashly importunate ' had 
found her death by suicidal drowning. From that time to this the work has been in a 
state of judicious progress, the commissioners have been learning better how to per- 
form their task, and the funds have grown from interest on their investment until the 
expenditures in the work already accomplished exceed the sum originally placed in 
their hands, while they still have work to do and money to expend. 

The matters of greatest interest, however, are : What was drained ? How was it 
<ione ? and, With what effect ? In the first place, all of the ponds and marshes which 
were at a sufficient elevation to permit the water to be drawn off, either into the Nar- 
rows or into the lower New York Bay, have been emptied into those waters. This has 
been done by laying several miles of drain-pipe, which, of course, accomplished its 
purpose effectually. 

In other cases the discovery of what have at some day apparently been portions of 
a sea-beach, with deep deposits of beach-sand and gravel, has furnished facilities for 
carrying off great quantities of water. 

Successive dry wells or cisterns have been dug and walled up, the water being per- 
mitted to flow out of one into the others successively as it rises to a fixed height. 
These are so arranged that if at any time there is a deposit of any earthy substance 
that will not permit the free passage of water, ready access can be had to them for the 
purpose of removing such deposit and substituting clean sand or gravel in its place. 
No necessity for this has yet occurred, however. The water is led by pipes from the 
ponds to these cisterns, and the result is the same as would be produced upon a basin 
full of water by making a hole through its bottom. In effect the bottom is knocked 
out of the basins which form the ponds. It has been found in the progress of the work 
that the marshes are formed in places where there is an underlying stratum of the 
' hard pan ' before spoken of, when the centre of the patch is depressed below the 
outside edges. These strata are of varying depths, being sometimes but a very few 
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feet, and in others twenty feet or more in thickness. In other cases wells have been 
dug so deep as to reach the point of perpetual water, which is found at the tide-level 
of the bay, and into these the water is led from the ponds by pipes. Such wells require 
to be occasionally cleaned of sediment, and although they carry the water away but 
slowly, they have accomplished some good work. In a few cases, and where the 
sheets of water are always clear and remain full, or nearly so, during the entire year, 
the extent of the ponds has been diminished by filling in their borders, and these bor- 
ders have been laid up with stone, or grassed so as to leave no margin of decaying 
vegetation at any time. The Commissioners are satisfied that noxious exhalations 
proceed from ponds which are to a considerable extent, if not altogether, dried up by 
summer heats and droughts, and not from such as have steep sides and are always 
full. They have become satisfied also that saturated soil is harmful, and many acres 
of such soil have been drained ; acres which had ceased to be tillable have been made 
fit for the plow early in the spring, owing to the surplus moisture being carried off and 
emptied into the bay of New York. So far as has been possible in the successive drain- 
ing of the marshes, the water has been drawn off late in the autumn, in order not only 
that they should be thoroughly dried up before the return of summer heats, but that 
the underlying peaty bottoms should in the mean time be subject to the freezing effects 
of the winter. 

' ' Nine-tenths of the work is accomplished, and, notwithstanding the apprehensions 
of those who opposed the movement, no new disease has supervened ; the inhabitants 
still grow old, and all now seem willing to dispense with intermittent fever. 

" It has been the aim of the Commissioners to secure drainage to the depth of at 
least four feet below the surface-level, so as to have no saturated soil within that dis- 
tance of the surface. The ponds and marshes drained exhibit a rich soil, which is soon 
fit for profitable cultivation, and their tillage is found to promote the object of the 
Commissioners. 

" In looking over this communication, I fear it may be misleading as to the former 
prevalence of miasmatic fevers. A large proportion of the inhabitants have had no 
personal experience of them during their residence in the place ; and yet they were 
prevalent enough to make many of the citizens willing to spend money for their 
eradication. 

" In order to furnish more definite proof of the valuable effect of the drainage than 
the confident belief of the Commissioners and the general declaration of the inhabitants 
would afford, written inquiries were addressed to two gentlemen whose opportunities 
for accurate knowledge are superior to those of any others. One of these is Mr. George 
Self, who for many years has been the proprietor of the principal grocery and general 
store in Bay Ridge. In his reply he writes : ' In your note you ask me to speak from 
experience and observation as to the results of drainage in this region. As to my ex- 
perience, the change is very marked : my sales of quinine, which is the remedy used 
almost exclusively, are less than one-fourth of what they were ten years ago. I con- 
sider this falling off due entirely to the effect of drainage, as my trade for other goods 
is much larger now than it was then. As to my observation, I don't see, in all my 
travels around the country, any genuine cases of fever and ague ; in fact, chills, as 
they were usually called, have disappeared A few days ago I had a conversation with 
the doctor on this subject, and one of his remarks was to the effect that " they (the 
Drainage Commissioners) have taken many a dollar out of my pocket ; " I think I can 
say the same.' The other party addressed is Dr. Fred. C. De Mund, an esteemed 
I^hysician, having an extensive and an extending practice in the entire township. His 
residence is in the village of New Utrecht, which lies a mile or more east of Bay Ridge. 

"Under the date of March 2G, 1879, he writes: 'In reply to yours of 22d, I can 
say that the drainage of the ponds and marshes in the town has greatly lessened the con- 
sumption of quinine ; that the foi-merly prevailing fevers (intermittent and remittent) 
are dying out for want of their accustomed food — in fact, we have had very few cases 
of the old-style fevers for the past few years ; and I must credit the work of drainage 
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for the fact. If the work is, as you say, not yet perfectly done, still it has greatly 
benefited the community. As regards the new and fashionable fevers of the day, 
" malarial," we have had very few cases.' 

" The progress of the drainage is marked by the progressive banishment of inter- 
mittent fever. It is designed that the work shall be completed during the present 
year ; and there is no reason for doubting the complete accomplishment of the pur- 
pose for which it was undertaken. 

"Those who once opposed the expenditure now express their satisfaction with 
what has been done ; and wherever in other places such facilities for draining exist, it 
is unwise, and worse than that, to neglect it. The good gained will amply justify the 
labor and the cost." 

In 1874 an association was formed in Irvington, N. Y., called tlie 
" Irvington Neighbors." The constitution defines its objects to be the 
promotion of the highway improvements, the fostering of the assthetical 
characteristics, the encouragement of the educational departments, and 
the conservation of the health of the neighborhood. In the summer of 
1878 the increasing prevalence of malarial fevers along the easterly bank 
of the Hudson River from Dobb's Ferry to Tarrytown, including Irving- 
ton, induced this body of gentlemen (at present forty-six in number) to 
have the territory examined by sanitary engineers, with reference to the 
eradication of the disease. By the kindness of Mr. Cyrus W, Field I 
have been able to consult the various printed documents, in which the 
unsanitary conditions, furnishing a nidus in all probability to the malarial 
poison, are stated to be the following: too many trees and too much 
shrubbery in the vicinity of the small streams and ponds, so that, in many 
places, the ground along their borders is always wet, and is never exposed 
to the sunlight; the shallowness of these ponds and streams, so that, as 
the amount of water in them is increased or diminished, considerable areas 
of land, covered with decaying organic matter, are alternately flooded and 
exposed to the air; the existence of numerous small tracts of land so situ- 
ated that they are not properly drained by the natural watercourses, and 
are therefore covered with shallow, stagnant ponds or marshes; the min- 
gling of salt and fresh water in bogs and marshes along the river-bank, 
alternately covered by the tide and exposed at its ebb — a result of the 
building of the Hudson River Railroad embankment along the river- 
side; and the pollution of the water courses along a great portion of their 
length by house-drainage and sewage, the leakage from cesspools and 
privy-vaults, and the refuse of stables, cow-yards, hog-pens, and a slaugh- 
ter-house and offal-boiling establishment. The recommendations of the 
engineers included the straightening of the courses of the brooks in 
places where this seemed necessary; the thorough cleaning of their bot- 
toms and borders; the construction of surface-drains in some places and 
of sub-drains in others; the removal of shrubbery and trees in various 
localities, so as to expose the southern banks of watercourses to the 
sunlight; the removal of all cesspools, privy-vaults, etc.; the general 
adoption of ash- or earth-closets; the conveyance of the house-drain- 
age by properly-laid pipes into the river where practicable, and other- 
wise the disposal of it by sub-irrigation; the prevention of the pollution 



VILLAGE SANITARY ASSOCIATIONS. 



593 



of streams by stables, hog-pens, slaughter-houses, etc.; the drainage of 
low, marshy lands east of the railroad by pipes opening into the river just 
above low-water level, and furnished with flap-valves to prevent the influx 
of tide-water; ajid the partial closing of the inner or shore end of the 
railroad culverts by a wall of cemented masonry higher than the highest 
tide-level. 

The attempt on the part of certain citizens to carry out some of the 
recommendations above mentioned has resulted in litigation, and the 
sanitary improvement of the locality is therefore for the present ia 
abeyance. 

Besides the effect of such improvements upon the physical well-being 
of the rural population, there will be other results of even greater impor- 
tance. The duties devolving upon the members of such associations will 
bring them face to face with some of the great problems of the age, and 
make them acquainted with the thoughts of the best minds upon the sub- 
jects in hand. With an increase of knowledge on sanitary matters will 
come an interest, more or less vivid according to the natural fervor of 
individual character, in the prevention of disease. People will begin to 
take pride and joy in the fact that the wand so long held by what may be 
called the medical priesthood, is now in their own hands. They will begin 
to realize that disease, so far from being due to the operation of occult 
forces and only intelligible to those learned in the jugglery of the schools, 
is produced by causes which are largely within their own control. This 
opinion is even now expressed freely among the laity, but it still sounds 
too much like the echo of a medical preface, or the senseless rejoetition of 
a well-trained parrot, and not like the expression of a vital and earnest 
conviction. 

With such a conviction will come, hand in hand, an increased appre- 
ciation and understanding of science and its methods of investigation and 
proof. Scientific men are now looked upon by people in general some- 
what askance; they are considered dogmatic, opinionated, and supercili- 
ous. When people come to do a little scientific work for themselves, 
however, and find out how carefully every observation must be taken and 
every source of error avoided, they will learn how much more reasonable 
it is to be dogmatic about facts than about inferences, and how difficult it 
is too for one to avoid the appearance of being opinionated and supercili- 
ous, when he is forced to discuss a question with all the facts of which 
he is familiar, with a person who evidently knows not enough of the sub- 
ject even to be aware of his own ignorance. They will gradually acquire 
that accuracy of observation and precision of statement which are so 
necessary in ascertaining and imparting the exact truth, and the mental 
training they gain in this way will be of immense advantage to them in 
other pursuits. 

There is a wide field for speculation in estimating the probable or 
]iossible advantage to the commonwealth, which might result from such 
general and extensive observation of diseases and their modes of propa- 
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gation and dissemination. To the hundreds of persons wlio now collect 
facts bearing on the characteristics of epidemic and endemic diseases, 
millions would be added. The number of tabulated facts might become 
so immense, that, instead of theories upon these obscure subjects, we 
might discover laws, and then we should have a substantial grasp on the 
throat of every pestilence. Moreover, the advance of scientific knowledge 
and of scientific modes of thought among the people would give the death- 
blow to quackery of all kinds. Quackery flourishes in the same soil with 
superstition. Kill one and the other dies, or rather, destroy the common 
root of both, which is a habit of inaccurate thought, and both will wither 
away and disappear. 

Such a consummation is far in the future; but earnest, whole-souled 
work, in even the narrowest of the directions indicated, could not but bring 
forth wholesome fruit almost with its inception. 
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Site. 

In fixing upon the site of a school-house, we should consider that the 
persons for whom the house is intended are of a class peculiarly suscepti- 
ble to the influence of bad hygienic surroundings, and that this suscepti- 
bility is increased by the closeness of their contact during school hours. 
Nothing gives a clearer proof of the advanced civilization of a community 
than the habitual choice of excellent sites for schools. In entering a Swiss 
village, this is one of the points which first strike the eye of a stranger. 

In the climate of the northern United States and of the northern half 
of Europe, a school-house ought to be so placed as to receive the direct 
rays of the sun in each room during some part of every day in the year. 
In order to attain this result, several things must be attended to. The 
site must not be overshadowed by houses, trees, or a hill. Verandas, 
however necessary in more southern latitudes, are not proper in ours. All 
" architectural features," whether intended for beauty or for use, should 
be strictly kept from interference with the distribution of sunlight. The 
architect, in planning enclosed spaces, court-yards, or flanking projections, 
and, in fact, in all cases, even the simplest possible one of a plain square 
or oblong building, should consider the " orientation " of the rooms, and 
should know how long, and at what angle, he has a right to expect the 
sun to shine into each room. It is obvious enough that a room lighted 
exclusively by northern windows, in a wall running east and west, will 
have a very deficient supply of sunlight. It is best to place the house so 
that the corners will indicate the four cardinal points, and the /"aces will 
look to the south-east, south-west, etc. It is unfortunate that the leading 
streets in some of our great cities, as New York, run in such a direction 
that this is impossible, and that one side of each house, in most sites, re- 
ceives no sun for many weeks in winter. A corner site avoids this objec- 
tion to some extent, and combines the further advantage of a free current 
of air, from two directions at least, which is of use, not only in summer, 
but in assisting natural or trans-mural ventilation in winter. 

Dampness is a most serious fault in the site for a school building, 
fhis may arise from the neighborhood of ponds and swamps, or trees in 
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excessive number; and must then be remedied by draining or filling ' the 
swamp or pond, or felling the trees. It may also be due to the impervi- 
ous nature of the soil: a difficulty easily remedied, if the site is elevated^ 
by a proper use of drain-pipe and trenches about the house-lot. If, how- 
ever, it be due to the conformation of the strata giving rise to springs of 
water on the site of the house, the difficulty may be insuperable. If the 
water cannot be diverted, the site must not be used; for concrete floors 
will not keep out water from a cellar built in a saturated soil. An ele- 
vated site is generally preferable to a low one, on the ground of better 
drainage, more abundant sunlight, and a freer supply of air. Even high 
land, however, is often boggy or full of springs of water. 

The bottom of the cellar ought to be at least three feet above the 
average level of the water in the soil. If this seems impracticable, let tile- 
drain be run around the cellar at the depth of its floor, and furnished with 
a discharge at some lower point. In some cases it will be necessary to 
place the cellar floor at or near the ground level. 

Much complaint is made of the excessive dryness of the air in some 
schools and houses; but this is a slight fault compared with the dampness 
emanating from floors, walls, and soil, which has been shown by eminent 
authority to be productive of consumption, catarrh, and rheumatism, 

A common fault is excessive exposure. On the whole, a high, even a 
bleak site, is better than a low one; but it is seldom that either is a neces- 
sity. 

The neighborhood of noisy trades or occupations, or such as pollute the 
air with smoke, dust, or smell, must be avoided. Foundries, railway- 
stations, markets, shambles and stables are among the places to be 
shunned. For certain moral reasons, also, the neighborhood of crowds of 
people is apt to be undesirable. 

Some Points in Construction. 

The doors of the school-house ought to open outward toward the 
street, to prevent a block in case of a panic, such as an alarm of fire oc- 
casions. With the same view, it is necessary, in the case of a large school, 
to make them from eight to twelve feet wide. One such door should bo 
placed close by the foot of each staircase; if possible, directly in front of 
it. The doorway should alvvays be wider than the stair that leads to it. 

The entries and corridors must be spacious relatively to the stairs, 
especially at the foot of the latter. In large houses a width of ten or 
twelve feet is required. They should be lighted directly from out of 
doors when possible; and the lights should be placed at opposite ends, so 
as to insure a free natural ventilation, which on many days of the year, 
even in winter, is the best for entries. It is hard to ventilate entries 
that occupy the centre of schools; while entries or corridors that possess 



' Filling, without providing an outlet for the water, often results in the production 
of a permanently damp spot of ground. 



SCHOOL HYGIENE. 



599 



a natural ventilation furnish a desirable means of supplementing the de- 
fects of the air in rooms. 

The staircases should be fire-proof, that is, isolated by solid brick-walls 
on three sides if possible. Like the entries, they must be lighted from 
the outside. There must be at least two staircases for a building con- 
taining six hundred scholars; and some architects will consider three 
necessary. The width must be at least six feet in the upper story, and 
eight in the lower; and the height of the steps must not be too great for 
young children. Spiral stairs are inadmissible, for the steps are very 
narrow next the well, and if the child falls on the stair the descent is very 
steep on that side. Wedge-shaped steps are inadmissible for the same 
reason, though common in private houses. Wells are dangerous, if not 
protected; the staircases should be sheathed; balusters are totally un- 
necessary, and the rail should be about four feet above the riser. A stair 
which ascends the height of a story without a break is not desirable; one 
or two landings should be introduced to furnish a momentary resting- 
place. 

A clean, dry cellar is a suitable place for play-rooms, provided the 
sunlight and air enter freely. If the ceiling is high, a gymnasium may 
be placed there under the same conditions as to light and air. The floor 
of such rooms should be of hard stone or face-brick, in order to avoid the 
dust which comes from softer materials. It is well also to set the stone or 
brick in cement, and to cement the walls, for dampness must not be per- 
mitted to exist. An excellent, but costly, device for floors, lately intro- 
duced, consists of damjD-proof layers of asphalt and cement in both the 
floors and walls. No school-room ought to be in a cellar, or even partially 
underground. 

The first and the second stories may contain all the school-rooms; the 
third, a large hall for daily assembly, and other rooms for cabinets, libraries, 
laboratories, drawing, music, etc., if required. It is very desirable to re- 
strict school-houses to this height. School-girls in their teens suffer from 
having frequently to climb to the third or fourth story. The fatigue and 
annoyance tell upon them; and th6y are apt to be unwilling to descend 
for recess, and so lose the benefit of the outer air, while the rooms, in the 
meantime, cannot be properly aired out during their presence in recess 
time. 

Heating and Ventilation. 

This subject has been treated at large in another part of this work. 
A few special points may, however, be mentioned here. 

Excessive cold and excessive heat are both liable to occur. In the 
typical school-house of American cities, well-built and expensive as it 
usually is, the latter fault is much more common, and is doubtless a natural 
concomitant of that " forcing-system " to which our schools seem to tend: 
a system implying an excess of mental strain (even more than excess of 
work), whicli induces a liking for bodily warmth in proportion as it dis- 
courages a liking for active sport. 
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It is remarkable that Americans seem to prefer a warmer room than is 
agreeable to Europeans. Morin's maximum for schools is 59° F. ; Ficker's, 
64° F. ; Varrentrapp's, G5f ° F. There is among ourselves the same differ- 
ence in personal liking, some being best suited at 80°, others at or near 
G4°, and that, too, in natives and inhabitants of the same place. 

School-children can, beyond a doubt, be made comfortable at G6° (and 
even much lower if accustomed to it) in a well-aired room. Of course 
children ought not to sit with wet clothing in a cool room. Children 
who are badly fed will not resist cold well ; nor those who are pam- 
pered, or prevented from getting exercise. And any person, child or 
adult, may become tender and delicate in a short time by accustoming 
himself to an overheated room. It is very hard, in a changeable climate 
like ours, to avoid the latter evil: in most houses there is placed a power- 
ful heating apparatus, which cannot be made to " roar gently " when the 
weather moderates; and a set of gas-burners is used which raises the tem- 
perature several degrees. Attention to the temperature of a house, in 
our climate, implies quite as much a cai'e for coolness as for warmth dur- 
ing the changeable spring and autumn weather. And, Avheu it comes to 
the practical working of a school-room, it is very easy indeed to let the 
temperature exceed a reasonable point, but requires constant attention 
to keep it down. An interesting lesson may be going on, or a written 
examination: the mind works well, for the time, at a fever heat; and the 
temperature of 84° may pass quite unnoticed. It is needless to say that 
such a strain upon the system is followed by a period of lassitude; and a 
state of lassitude, again, may demand ,a slightly raised temperature. 
Thus, by degrees, habits of preference for hot rooms may be formed. The 
teacher may be as unconscious of the evil as the scholar; indeed, if fatigued 
she may require, or if excited may not notice, an unusual heat. 

The time to correct bad habits in this respect is the beginning of the 
school year. Every one then comes to school with a system invigorated 
by some months of exposure to fresh air; and, if care is taken, this vigor, 
or power of resisting cold, may be retained. The teacher may assist by 
causing the children to take frequent exercise — play, with running and 
shouting, is the best — and to go out of doors frequently. If it rains or 
snows, windows may be opened a little, while the children are engaged in 
active bodily exercise, such as calisthenics. These intermissions should 
occur as often as once every hour, and last five minutes at a time, or 
longer. Weakly children, those liable to croup or rheumatism or other 
complaints arising from exposure, must be protected meanwhile; but the 
fact remains, that the power to perform work, the power to generate heat, 
and the power to resist catching cold, are all improved by frequent vigor- 
ous use of the muscles and lungs. 

The personal influence of a vigorous and full-blooded master may be 
very beneficial in correcting the errors of subordinate teachers in these 
respects. 

The ventilation of a school-room is not altogether a simple matter. 
By confining ourselves to one method, and refusing to consider others, 
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we may represent it as simple; but for special cases a variety of plans 
must be adopted. 

The school-room has its characteristic odor, as the prison has. It is 
probable that a great deal would be gained if we could banish this odor 
from schools; a sensible freshness usually implies an actual purity of air. 
Nothing is of more importance in effecting this object than cleanliness. 
Clean skins, clean heads of hair, clean feet (or well-wiped shoes, if the 
pupils have them), and clean apparel, can be encouraged by the teacher's 
influence; and domestic visitations will often effect a great improvement 
among the poorer class of scholars. The over-garments of the children 
must be hung in a safe place, with good ventilation and warming, and 
abundant room to avoid contact between the garments of the children. 
This place should not be the school-room, but if possible a closet. Daily 
sweeping of the floors, and weekly scrubbing of all parts of the floor and 
wainscots in rooms and halls and stairs, should be made thorough by being- 
associated with a good airing-out. As a further precaution in favor of 
cleanliness, it is recommended to select wood that is not porous. For 
the floors, hard pine, saturated in hot linseed oil before laying, will give a 
surface nearly impenetrable to moisture or vapors, which dries instantly 
when washed, and is very durable. 

"VMien all that can be done in this direction has been done, we may 
turn our attention to the problem of a supply of fresh air. 

Here we have before us three questions: ]. How much fresh air sliall 
we furnish ? 2. How shall we get it in ? 3. How shall we get it out ? 

The claim of an hourly removal of air to the extent of 100 metres per 
head (= about 3,500 cubic feet) is theoretically justified. Practically, 
there is great difficulty in bringing so large a quantity in without causing 
a draught. A school-room, 2b feet by 32, and 12^ feet high, containing 
10,000 cubic feet of air, allows a space of 200 cubic feet per scholar, sup- 
posing fifty to be present. It is not practicable to make school-rooms 
very much larger, nor will school authorities at present consent to reduce 
the classes to forty, desirable as that step would be. If the sup- 
posed room be ventilated at the assumed rate, 175,000 cubic feet of air 
per hour must be removed from the room; that is, the entire air must be 
changed 17^ times in an hour, or once in three minutes and twenty-five 
seconds. If the cubic space allowed be increased to 300, as is actually 
done in some schools, the contents are discharged once in about five 
minutes; and if the requisition of fresh air be reduced from 3,500 to 2,000 
cubic feet, which may be considered a minimum, the time for discharging 
the contents of the room becomes about nine minutes. This calculation 
illustrates the theoretical difficulty, which lies in the danger of producing 
a draught by the introduction of so much air. 

It is, however, allowable to admit warm air, in a horizontal direction, 
at the ceiling (Degen), at the velocity of one metre (3.3 feet) per second. 
The air required equals in round numbers 2,000 feet per minute, or 18,000 
feet in nine minutes, which presupposes a free aperture of 10 square feet; 
say five registers without gratings, each one foot wide and two feet long, 
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which is considerably larger than is usually seen. In any case, a large 
room is much freer from draught, during the passage of given quantities 
of air, than a small one. 

For smaller rooms, with the same number .of pupils, the apertures- 
should be of nearly the same size. As regards the extraction of air, fur- 
ther remarks may be seen under "Ventilation" in this Avork. 

The allowance of 300 cubic feet of space per scholar is claimed by 
Prof. Kedzie; of 'Z20 cubic feet by A. C. Martin; of 120-284 cubic feet by 
various German states; and of 70-100 cubic feet, according to ages, by the 
New York Board of Education. The latter requirement is acknowledged 
to be inadequate, but the pressure upon the schools under the new com- 
pulsory act is so great that even this is, to some extent, an improvement. 
In Brooklyn, the vigilant eye of Dr. Bell has discovered many bad places; 
in one examination, made in 1877, he found two rooms containing an al- 
lowance of only 15 cubic feet and 2 square feet of floor-space per scholar. 
As regards German schools, they allow small space and little change of 
air, and are generally said to be very badly ventilated. 

The space required per scholar in Saxony is 5 square feet; in Hessen, 
4; in Prussia, G; in Wiirtemberg, 8. In Bavaria there are special require- 
ments for different ages; for children of 8 years, 3.9 feet; of 12 years, 5.6 
feet, etc. The requirements in cubic space are still more various, ranging- 
from 42 to 221 cubic feet per head. 

A few points are here added, without detail, by way of hints: 

Double windows check cold draughts, economize fuel, and may aid 
essentially in ventilation if opened in a certain way. 

Evaporation of water in the furnace-box is desirable; the effect is- 
found to be pleasant. 

Air-tight windows and joints require a full .system of ventilation by 
flues. 

Exposure to a draught of hot air, or to a hot stove, is to be avoided. 

The experiment of ventilating schools by a steam-fan ought to be 
tried. The method by exhaustion through a hot-air shaft is certainly ex- 
pensive, and the result is largely dependent on weather. That by win- 
dows and doors may be employed to advantage in almost all existing 
cases, as a supplement to the defects of any "system" which has been 
adopted. 

The ordinary open fireplace is another valuable supplement, but is not,^ 
in our climate, sufficient or suitable for the entire service of warminjr a 
room. 

A large house is found in general more difficult to ventilate than a 
small one of similar construction, especially if there are several stories. 

In general, no system of heating and ventilation has been devised 
which will work automatically, without supervision on the part of the 
teacher or engineer. In other words, it takes brains, as well as coal and 
iron, to ventilate a house. The required article is not generally to be had 
for the sum paid. I think that head-masters, with a certain amount of 
instruction in the details of management, are better persons to have the 
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responsihility tlian janitors; but it would be still better to improve the 
quality of janitors, and to bring them under a strict supervision by sani- 
tary officers or committees. 

The best system yet adopted in schools requires a good deal of watch- 
ing, and cannot be intrusted to the sole care of a janitor. It is for his. 
interest to appear economical of his coal; he is therefore under a constant 
temptation to check the outflow of warm air from the rooms, and to limit 
as much as possible the period of airing-out, which should come daily 
after school. Good ventilation is an end which cannot be gained without 
the expenditure of much fuel; for \)aq. foxd air, thi-own away, is tocmn air,, 
and the heat it contains is necessarily lost. 

There is one point, in respect to ventilation, which has an especial 
bearing upon the health of schools; I refer to the practice of drawing air 
for the use of the school from the cellar, the inlet from the outer air being- 
closed. Mention of this improper custom has been already made under 
the general head of Ventilation and Heating. In the case of schools there 
is a si^ecial impropriety. In winter, for example, the windows of the cellar 
are extremely likely to be closed; and in many, if not most cases, very 
few windows are allowed to be open in the school-rooms. Whatever we 
• may say of " natural ventilation " — and there is no doubt of its import- 
ance — it remains true that the character of the air of rooms is mainly 
dependent in winter upon that of the air from the furnaces. Suppose, 
then, that a scliool-house containing 800 pupils receives a supply of air 
equivalent to 2,000 cubic feet per head per hour, or 1,000,000 cubic feet. 
If we suppose that 100 cubic metres (say 3,500 feet) per hour enter each 
room by the way of natural ventilation directly from the outer air, we 
must deduct, for 14 rooms, 49,000, say 50,000 feet from the previous sum, 
leaving 1,550,000 feet to be furnished by the furnace. If the cellar-story 
contains an area of 6,000 feet, or a cubical capacity of 00,000, it appears 
that it will contain a supply of air for the rooms above sufficient to last 
two minutes and a third. What then must happen ? Either the air must 
pass into the rooms in diminished quantity, or else some new supply must 
be opened: and both these events doubtless occur. If all the doors 
and windows of the cellar are kept tightly closed, less air than formerly 
must enter the hot-air box. But some must continue to enter; and a 
large part must come from above — i. e., from the school-rooms, through 
the corridors and at the cellar stairs — following the natural law which com- 
pels cooled air to descend. A circulation of foul air is thus established 
in a few minutes after the inlet from the pure outer air is closed; warmed 
foul air ascending to the rooms, and cooler foul air descending to the 
cellar. The practice is absolutely indefensible, so long as the rooms are 
occupied. It is only allowable after all the scholars have left, and all 
parts of the house have been most thoroughly aired by opening windows 
in every part at top and bottom. Then, if the cellar also is perfectly 
clean, it mav be proper to close the valve, and to treat the entire building 
as a single closed cliamber without ventilation, until the school reassem- 
bles. It is, in fact, in cold climates, better to do this, not only for eco- 
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nomical reasons, but because it is likely to prevent the excessive cooling of 
the house, and tardy heating at the opening of the next session ; a fault 
which is as dangerous as defective ventilation. 

The ventilation of evening-schools is made difficult by the presence of 
smoke, greasy vapor, sulphurous acid, and other products of the combus- 
tion of oil or gas. A tcell-mcuiciged kerosene-lamp is not often seen in 
public buildings, but would be both the cheapest and the least injurious. 
Burning-gas produces a suffocating air, due to the presence of impurities 
which cannot be wholly got rid of. Tallow-candles are not advisable. 
When lighted artificially, a room should have the upper ventilators open 
and in vigorous action. 

Drainage. 

A few brief remarks will suffice under this head. 

It is necessary to condemn the common " privy " as dangerous to the 
healtli of scholars. In country schools they are seldom or never cleared out. 
If the deposits are accessible to the outer air, there is great danger of 
exposure of the persons of the scholars; if kept in a closed pit, they be- 
come notoriously offensive and dangerous to the water-supply. Frequent 
removal and constant disinfection with dry earth is recommended where 
there is no water-supply: a large water-tank, inclining to an outlet and 
flushed daily, for places where water is plenty. In planning a cellar, all 
such conveniences should be placed in an apartment strictly separate 
from that containing the furnace or the play-room, and should have access 
by windows to the outer air. 

A privy under the same roof that shelters the school ought not to 
exist for a moment. It is true that delicate children ought to be spared 
exposure; it is true that the fear of exposure in winter, or a natural shrink- 
ing from the foulness of ill-kept privies, leads many little children to con- 
ceal their natural wants, to their bodily harm. But provision for such cases 
can be made in small country schools by the earth-closet; in large schools 
there should be a few water-closets, and the main out-house, when there 
is one, should communicate with the school by a dry covered way. Most 
children will require to visit the place once in the school-day, and it is not 
right to turn them out of doors in all weathers for the purpose. This 
point is almost universally neglected. 

Boys and girls should not have to use the same privy. There ought to 
be two buildings, and not one divided by boards into two parts: a board 
fence should separate the two sexes in going and coming; and, where 
present arrangements are bad, the boys should have their recess at a 
different time from the girls. To insure decency, and to check immorality, 
a trustworthy monitor might be appointed not only for recess, but to ac- 
company every child who goes out during school-hours. 

Many schools, including some in country-towns, report the presence 
of small water-closets in the first or second stories. If care be taken that 
these are well aired and cleansed, they are not objectionable, but positively 
desirable in these situations. There is no doubt that girls especially re- 
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quire some such accommodation, as in a large class there will always be 
some who ought not to be exposed to the weather, nor to be forced to 
go up and down stairs unnecessarily. 

Contagious Diseases. 

The opinion seems to be well grounded that schools occasionally con- 
stitute a medium for the transmission of contagious diseases, and that 
grave consequences may result from neglect of precautions in the presence 
of one or more cases of such disease in a school. 

In regard to small-pox, varioloid, and scarlet fever, there can be no 
question as to the necessity of the greatest care in isolating patients, the 
diseases being at once very dangerous to life and extremely contagious. 
In regard to other diseases of the same class (zymotic), some degree of 
difference of opinion may exist among medical men as to the need for 
isolation. 

The following rules ' for preventing the spread of contagion in schools 
are made as simple as possible to meet a variety of cases: 

Rules for Preventing the Spread of Contagion in Schools. 

1. A certificate of vaccination is to be required of every child entering the public 
schools. 

2. Every physician to be required, under penalties, to report to the local board of 
health all cases of dangerous infectious diseases observed by him, the board to inform 
principals of schools. What diseases shall be included in this requirement had better 
be left to the decLsion of such board. 

8. The existence of any case of such diseases in a house, to exclude the inmates 
from attendance at schools, for a sufficient length of time ; the propriety of readmis- 
siou being certified to by a competent physician. 

4. Disinfection of premises and clothing, by the board of health, in every house 
where the above diseases have prevailed. 

5. Medical authority to be designated, for the purpose of advising teachers and 
pupils, and pointing out to the school committee matters in regard to which their 
authority might be used to improve the sanitary condition of schools. 

Hygiene of the Eye. 

It is generally known that school-work is often associated with im- 
paired siglit. This inipairnient consists in most cases of the development 
of near-sight, or myopia. Most children at the age of five or six have 
" normal " vision; a moderate percentage are far-sighted, and a much 
smaller proportion are near-sighted. Tiiis is the case, at least, in America. 
But, as the age increases, a regular increase in near-sight is observed 
among school-children in various parts of the world, as Germany, Russia, 
and the United States. Far-sight is correspondingly diminished, in most 
cases, while the number of normal eyes is greatly diminished. In Eris- 
mann's examinations, in St. Petersburg, the results were as follows: Num- 



' From Ninth Report of Massachusetts State Board of Health, 1878. 
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ber of eyes examined, 4,358: percentage of near-sighted eyes in the 
youngest classes, 13.6; in oldest classes, 43.3. In Conrad's examination, 
in Konigsberg, the number of eyes was 3,03G: percentage of near-sight 
in lowest classes, 11.1 ; in highest, G2.1. In the table of Drs. E. G. 
Loring and R. H. Derby, of New York, based on 2,2G5 eyes, the corre- 
sponding percentages are 3.5 and 26.78. The period of time covered by 
these statistics is that between the ages of six and twenty-one years. 

These statistics are confirmed by a great number of others, covering, 
in all, over 20,000 children in Germany and America. They seem to 
show that, while the Germans are a much more near-sighted race than 
our own, the same condition of things exists among ourselves to a limited 
extent, and due to the same causes. 

In Germany, Cohn found that, while in village schools there were 
only 1.4 per cent, myopic, in the city schools of a corresponding age 
there were over ten per cent. Erismann found that those scholars in the 
same schools, and under the same influences, who studied most, were most 
affected with near-sightedness. Of his scholars, all studied two hours 
out of school, some four, some six, and others over six hours. Of those 
who studied only two hours, there were 17 per cent, near-sighted; of 
those who studied four hours, 29 per cent. ; while of those who studied six 
hours, there were over 40 per cent. It is further shown by Cohn that 
the rate of near-sightedness increases in proportion to the poorness of the 
light in the school-room and the narrowness of the street in which the 
school-house stands. 

Several causes may thus be traced. In the first place, young children 
who are near-sighted are evidently so through inheritance. And near- 
sightedness in parents is believed by the most eminent authorities to be 
extremely likely to pass to children. Bonders declares that it is " more 
■especially proper to cultivated nations, and that, among the states of 
Europe visited by him, he nowhere, in general life and in cliniques, met 
with relatively so many myopes as in Germany." The same preponder- 
ance of near-sight is seen among the German children in New York, as 
compared with those of the native American or Irish stock. And, among 
barbarous tribes who do not go to school, the defect is almost unknown. 

In the second place: Residence in a city, with its limited prospects, has 
apparently some effect in causing myopia. - 

Thirdly: A bad light is one of the most certain causes. Of this I shall 
speak later in detail. 

Fourthly: Anything favorable to congestion of the head, as a bad po- 
sition of the body, heat of the room, wet feet, indigestion, excessive 
length or severity of study without interruptions. 

Fifthly: In the words of Bonders, " the distribution of near-sightedness 
chiefly in the cultivated ranks points directly to its principal cause — ten- 
sion of the eyes for near objects." 

Sixthly: " Peculiarities of food, indifference to ventilation, disregard of 
■other hygienic requirements, want of out-door exercise, and a peculiar 
tendency toward a sedentary life, all of which are provocative of a certain 
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Idxitij of tissue and want of resistance in the investing membranes, which 
finds its expression in the eye, in a distention which is, in fact, myopia." 
(Loring-.) 

It is extremely important to see wherein the school and its occupations 
may act as a cause of near-sight, and what precautions can be taken 
against this result. 

It is evident that the entire physical condition of the pupil is con- 
nected with the question of near-sight. Depressed general health, head- 
ache, narcosis from animal or mineral poison, excessive heat upon the 
head, or cold about the feet, contribute in various ways to weaken the 
power of the organ temporarily. Employed for study under such condi- 
tions of depression, it will naturally be held closer than usual to the book; 
and the result is, in many cases, the formation of a habit of reading with 
the eyes too near the object — a habit tending to cause myopia. An im- 
perfect light, or a bad position relative to the light, compels the scholar 
to hold the book too close to his face, with the same result. Long effort 
fatigues the eye, as it does any other organ, and sujiplies another induce- 
ment to looking" closely. 

All that has been said above is confirmatory of the principle, too sel- 
dom considered by those concerned, that a near-sighted eye is a diseased 
eye. The talk about " near-sighted eyes being strong " is false and harm- 
ful. The disease is as disabling, in many cases, as a club-foot; it is as 
real a deformity as a crooked spine. It cannot be fully remedied by 
glasses. It excludes men from a great many positions in active life, and 
lessens in women the quickness in perception, which is their special gift 
and reliance. It is in a great many cases progressive. 

The question of the production of near-sight in schools is one of great 
national importance. It is of the greatest consequence to know Avhether 
the English-speaking nations in general are destined to become near- 
sighted. The words of Dr. Loring ' may well be quoted here: 

" Are we in a position to declare, in the words of Ribot, with which 
we began these remarks, that ' since constant study creates myopia, and 
heredity most frequently perpetuates it, the number of sliort-sighted per- 
sons must necessarily increase in a nation devoted to intellectual pursuits ' ? 
This question can, at least at the present time, be answered only condi- 
tionally; and that is, that if, by a nation devoted to intellectual pursuits, 
we mean that compulsory education shall be carried out in the full extent 
of its original meaning, and applied to every child that is born, be it male 
or female, then I think the answer should be in the affirmative; and if 
Germany is going to be taken as the type, and every other nation desir- 
ous of intellectual progress be compelled to follow her lead as an exam- 
ple, then I am of the opinion that not only the educated classes, as the 
term is commonly understood at present, but that the world at large, will 
in time become near-sighted." 



* From a paper read before the American Social Science Association, and the 
County Medical Society of New York, 1877. 
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Dr. Loring's views are original, and appear so important that a sum- 
mary is here given. At the present moment 62 per cent, of those who 
graduate from the public schools of Germany are near-sighted. American 
children are not yet in so unfortunate a condition, but the ratio of increase 
in the Americans is higher; that is to say, the ratio of 3.5 to 26.5 per 
cent., that in Germany being 11 to 62 per cent. The question appears to 
come to this: is not the difference one of degree rather than of kind, and 
will not the American youth in a few generations reach or pass the 
amount of near-sightedness which the Germans display if they adopt the 
same method of education and exact the same application of the eyes ? 
In reply to this, he observes that there is an important element in the 
American character which is wanting in the German. 

" Unlike the Germans, we have a fondness for out-door games as pas- 
sionate almost as the English, and which we carry on with an ever-in- 
creasing devotion, in spite of the rigors of a winter which is almost arctic 
and a summer which is truly torrid. Side by side in our upper schools, at 
least for boys, are two classes — one that devotes itself principally, if not 
exclusively, to studious occupations, and one whose attention is turned 
chiefly, if not entirely, to athletic exercises; and, if the truth were known, 
I believe the conviction is growing in the mind of the community, if not 
in that of the professors themselves, that as great a benefit is accruing, 
and will accrue, to the race from the training in one class as the other. 

" Now, whether this devotion to athletic exercises, with its accompany- 
ing reduction in the amount of study performed by a considerable part of 
the community, together with a better understanding and enforcement of 
hygienic laws, will suffice to prevent an increase in the amount of near- 
sightedness, can only be told by future examinations made at long inter- 
vals. But my own belief is, that we have, in the example of other 
nations, sufficient evidence to show the danger which threatens us, even 
if the evil is not actually upon us — evidence which should open our eyes 
to the fact that the amount of school work consistent with a healthy con- 
dition of the eyes has not only reached its farthest possible limit, but, in 
many places, far exceeds it; and that, instead of waiting to see whether 
or not the amount of near-sightedness will increase, we should, while there 
is yet time, take every means of lessening the quantity which now exists. 
The only question is as to how this shall be done. It would be answered 
at once that, as increased study produces myopia, the simplest way 
to reduce the amount would be to reduce the work. As a physician, I 
should, of course, personally approve of such a plan; but I fear it would 
meet with a strong opposition just where it would be the least expected 
— tliat is, from the parents of the children. Fortunately, this opposition 
IS the less harmful, since I believe that the amount of myopia might be 
.essened without reducing the gross amount of application of the eyes, 
though it would materially change the time of life at which it was 
made. 

"This belief rests on a fact which is, I think, the most important to 
which your attention could possibly be called in this connection— that is. 
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that near-sightedness is essentially a disease of childhood, or, at latest, of 
adolescent life. Thus Bonders declares that he never has seen a case of 
myopia originate after the twentieth year; and Professor Erismann states 
that in his experience it rarely, if ever, began after the fifteenth or six- 
teenth year. 

"It cannot be doubted that these statements are in the main cori-ect, 
and in accordance with the experience of every observant oculist. 

"The great period for the development of myopia, that is, for its he- 
(/inni7ig, is from the tenth to the fifteenth year — just at the time when 
the body, as a whole, is developing most rapidly. The investing mem- 
brane of the eye, which is elastic at this period of life, yields to the pres- 
sure of the watery contents of the eyeball, which is increased by con- 
tinued application; and the result is a lengthening of the eye, which, as I 
have so often explained to you, is near-sightedness. What is more, this 
distention will take place under an amount of application during the years 
of early youth which, at a little later period, would not only produce no 
effect, but which might be increased manifold with impunity. iVfter the 
eighteenth, or even sixteenth year, when the investing membrane of the 
eye has become firm and unyielding, over-study may produce other and 
graver diseases of the eye, but it will not produce near-sightedness. 
From this it follows directly that the simplest, indeed the only, method 
of preventing an increase in near-sightedness, if the present high stand- 
ard of instruction is to be preserved in force, is to lessen the amount of 
work done by school-children during the period of life from eight to six- 
teen years, and to restore the equilibrium, if necessary, by increasing the 
amount of study after that time, or, better still, by increasing the period 
of time devoted to stvidy. It is by complying with these conditions, 
whether consciously or unconsciously, that the English have become so 
eminently a literary people, and still, as a people, so free from myopia; 
while, on the other hand, it is the violation of these laws and their teach- 
ings, that is, by compelling the young of both sexes to undergo a large 
amount of study at a tender age, which has made Germany, without 
doubt, the shortest-sighted nation in the world. . . . 

"I believe that the principal reason why the members of mechanical 
arts show less myopia than those of studious and literary occupations is 
not because they use their eyes less, but that the application of the eyes 
occurs at a different time of life, and under entirely different surround- 
ings or conditions of existence. Until very recently the early education 
of apprentices in skilled labor was, fortunately, I think, for them, neg- 
lected. They had but little school learning. They did not even ap- 
proach the niceties of their calling until they were sixteen or seventeen 
years of age, and oftener not until they were grown men; and even then 
it was in the most gradual and careful manner. Moreover, the work was 
often interrupted, often beguiled by conversation, either connected with, 
or absolutely remote from, their labor. When the apprenticeship was 
completed, and they came to close application of the eyes on near work^ 
the dangerous period for the development of near-sightedness was over. 
Vol. II.— 39 
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This is precisely the reverse of what takes place with the young student, 
whose hardest tasks often come just at a time when he is least able to 
bear them. 

" If, now, in the light of what has just been laid down, the question 
is repeated, it might be answered, I think, with assurance, that there 
is no danger that the ' cultivated classes ' will become near-sighted, pro- 
vided that, while devoting themselves to literary pursuits, they are will- 
ing to recognize and abide by the few simple laws which have just been 
dwelt upon. On the contrary, I think there is every reason to believe 
that, with a little care and caution during the short but important period 
of life just alluded to, the present standard or normal eye, formed and 
perfected in the remotest past, may be continued indefinitely. 

" Two questions have presented themselves to my mind while making 
my investigations on near-sightedness in the public schools. One is, 
whether the word 'instruction' is always synonymous with 'education; ' 
and the second is, whether, while we are reducing the number of the ab- 
solutely blind in our asylums, by improved methods of ojoeration and 
treatment, we are not, by over-use of the eyes at school, laying up a 
future evil which, though milder in form, will, from its very frequency, 
entail a greater and more lasting detriment upon the race." 

Rules for the Care of the Eyes, especially in Children} 

When writing, reading-, drawing, sewing, etc. , always take care that — 

(a.) The room is comfortably cool, and the feet warm; 

(i.) There is nothing tight about the neck ; 

(c. ) There is plenty of light, without dazzling the eyes ; 

(d) The sun does not shine directly on the object you are at work ujion, or upon 
objects in front of you ; 

(e.) The light does not come from in front ; it is best when it comes over the left 
shoulder ; 

(/. ) The head is not bent very much over the work ; 

{(j.) The page is nearly perpendicular to the line of sight; that is, that the eye is 
nearly opposite the middle of the page, for an object held slanting is not seen so 
clearly ; 

{h. ) That the page or other object is not less than fifteen inches from the eye. 

In any case, when the eyes have any defect, avoid fine needlework, drawing of fine 
maps, and all such work, except for very short tasks, not exceeding half an hour each, 
and in the morning. 

Never study or write before breakfast by candle-light. 

Do not lie down when reading. 

If your eyes are aching from firelight, from looking at the snow, from overwork, 
or other causes, a pair of colored glasses may be advised, to be used for a while.' 
Light blue or grayish blue or a light smoke-color is the best shade ; but these glasses 
are likely to be abused, and usually are not to be worn, except under medical advice. 
Almost all those persons who continue to wear colored glasses, having perhaps first 
received advice to wear them from medical men, would be better without them. 
Travelling venders of spectacles are not to be trusted : their wares are apt to be rec- 



' From a contribution by the author, in the American Journal of Social Scieu. 
No. VIII. 
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ommended as ignorantly and indiscriminately as in the times of the "Vicar of Wake- 
field." 

If you have to hold the pages of " Harper's Magazine " nearer than fifteen inches 
in order to read it easily, it is probable that you are quite near-sighted, or possess im- 
perfect vision. If you have to hold it two or three feet away before you see easily, 
you are probably far-sighted or over-sighted, hypermetropic ; meaning by each of these 
terms a condition in which the range of perfect vision is more distant than normal 
from the eye. In either case, it is very desirable to consult a physician before getting 
a pair of glasses, for a taisfit may permanently injure your eyes. 

Never play tricks with the eyes, as squinting or rolling them. 

The eyes are often troublesome when the stomach is out of order. 

Avoid reading or sewing by twilight, or when debilitated by recent illness, esjie- 
cially fever. ' 

Every seamstress ought to have a cutting-out table, to place her work on such a 
plane with reference to the line of vision as to make it possible to exercise a close 
scrutiny without bending the head or the figure much forward. 

Usually, except for aged persons or chronic invalids, the winter temperature in 
work-rooms ought not to exceed G0° or G5°. To sit with impunity in a room at a lower 
temperature, some added clothing will be necessary. The feet of a student or seam- 
stress should be kept comfortably warm while tasks are being done. In winter the 
temperature of the lower part of the room is apt to be 10° or 15° lower than that of 
the upper — a condition which implies improper arrangements for heating. 

It is indispensable, in all forms of labor requiring the exercise of vision on minute 
objects, that the worker should rise from his task now and then, take a few deep in- 
spirations with closed mouth, .stretch the frame out into the most erect posture, throw 
the arms backward and forward, and, if possible, step to a window or into the open air, 
if only for a moment. All this presupposes good health and discretion. Two desks 
or tables in a room are valuable for a student— one to stand at, the other to sit at. 

A few remarks upon the lighting- of rooms are here in place.' 

The walls may be colored a light green or a neutral gray; ^ the ceiling- 
had better be white, as reflecting more and purer light. No paper is ad- 
missible ; it is commonly a mere refuge of sluttishness. Blackboards 
ought not to be placed between or next to windows, for the simple rea- 
son that it is hard to read when facing a strong light. There will be three 
sides of the room, or in any case two, for blackboards, under the proper 
plan. The sides of the room are wainscoted up to the level of the black- 
boards; in the entries the wainscoting may properly be carried to four 
feet and a half for reasons of cleanliness. 

The windows ought to open directly upon the outer air. No room for 
study is properly lighted otherwise. A transom window is to be placed 
over each door. To protect from excess of light, inside folding-blinds 
with rolling slats are very satisfactory ; they throw the light up or down 
at option, and they admit fresh air in summer without noise, while cur- 
tains are likely to get injured in a high wind. 

It is perfectly feasible to get an abundance of light, if care be taken. 
But the requirements made by sanitary science in this respect are very 
strict. Fortunately they can be fulfilled without great expense. An 

' Or, in the case of women, by childbirth. 

■■' From a paper by the author in the Sanitarian, November, 1876. 
Paint, whitewash, or hard-finish is good. 
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ordinary dwell ing'-room cannot usually be considered adequately lighted 
for school purposes. For ordinary uses it is sufficient for the occupant to 
move his work near a window when he has a difficult bit to do ; but a 
scholar must have a perfect light, wherever in the room he sits. The re- 
quisites to this end are as follows : 

a. The sill had better be placed four feet above the floor. Light 
entering at the level of the eyes only dazzles, and is almost useless for 
illuminating the tops of desks. Make the interior of the room pleasant, 
and the scholars will not want to look out at the window, 

b. The top of the window must come as near as possible to the ceiling. 
By using iron girders we can bring it within eight inches of the latter, 
and this should be required. The reason for this requisition is, that the 
most useful light for a scholar's purpose is that which strikes his desk at 
something near a right-angle. This is furnished — first, by the upper part 
of the windows; and, second, by the ceiling: hence the propriety of using 
every means to secure the thorough illumination of the latter — a point 
which is neglected in most dwelling-houses, churches, and schools. Evi- 
dently the heads of the windows must be square, and not rounded or 
pointed, as is the case in certain picturesque styles of architecture. 
Neither is a pier of masonry dividing a window desirable. The roof must 
not project so as to cut off any appreciable light, nor are verandas at 
all allowable in the quarter whence light is supplied. There must be no 
wing or production, no pier or column, in the way of light. These re- 
strictions set a limit to the indulgence of the architect's taste; but they 
leave room enough within the limit. If projections are forbidden, flat 
decoration and ornamental brick-work are admitted ; and shafts, wide 
doors, groups o£ windows, are features which can be seized upon to give 
a characteristic style to the building, which need be neither ecclesiastical, 
Hellenic, nor commercial. 

c. The proper position of the windows is tolerably well settled. No 
window should be placed in front of the scholar; for the light thus enter- 
ing is worse than wasted, blinding him at work, and tending directly to 
produce near-sight. Windows on the right are slightly objectionable, as 
throwing a shadow on the J^age whenever the hand is used in ciphering, 
drawing, or writing. Windows at the back throw the pupil's own shadow 
on his book; but this is not a serious matter except for those who sit 
next a window, and they have light enough at any rate; while for writing- 
they are extremely well placed, as it is usual to turn partly to the left in 
this exercise. Windows at the left are entirely free from objection, as 
far as they can be free. The ideal light should, come from over the left 
shoulder, or the right shoulder, if one is sitting up and reading; but, 
if looking over a desk, this is rather inconvenient, and the best is then a 
very high light from the left and a little in front. In brief, the rule for 
placing windows is: never in front, ahomjs on the left; at the back also, if 
you choose, but not at the right, if you can help it. Light from the left 
and the back at once does not harm the eye, and practically is quite 
admissible; the only person to find fault is the teacher, in whose eyes 
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the light will fall directly. These principles commend themselves to 
common sense, and are in accordance Avith the highest medical authority 
iu this country. The German authorities agree substantially with what 
I have said, though they differ among each other in the degree of em- 
phasis with which they forbid the rear and right-hand windows. Eng- 
lish schools are peculiar; and, from the shape of the rooms and the pres- 
ence of galleries, are often hard to light. 

The size of the windows, taken collectively, should equal at least one- 
sixth of the floor-space. Cohn requires one-fifth, or 30 inches to the foot. 
Less than this will probably be insufl&cient in many cases. It is also 
stated by the highest authorities in school hygiene that 300 or 350 
square inches of glass are required for each pupil, and this require- 
ment is nearly coincident with Cohn's in the German school-rooms. In 
ours, with their greater depth, it would not be nearly enough. 

A clear and succinct statement of what a " model school-room " 
should be is made by Erismann,' which, as representing the present state 
of opinion in Germany, is given here in outline. 

The length of this model room should not exceed 12 metres at the 
very extreme. Varrentrapp, Zwez, and others limit it to 9 or 10. This is 
determined by the visibility of objects at the distance of 9 m. Snellen's 
test-types, 3 ctm. in height, under the most favorable circumstances, are 
read by the normal eye at that distance: letters written on the black- 
board, of twice that length (2f inches), may probably be read with the 
same ease. 

The depth of 7 m. should not be exceeded, as light does not pene- 
trate with full effect beyond that distance. The proportion of length to 
breadth would then be = 10 : 7; nearly = 3:2. The floor-space is 70 
sq. m., — about 754 square feet. 

The height should be not less than 4 m., or 13 feet. If over 4|- m., it 
gives rise to an echo. The corners should be rounded to prevent the lat- 
ter fault. 

The cubic space in such a room being from 280 to 315 cm., and as 
each scholar requires G or 7 cm. of space (210 to 245 cubic feet), the 
number of scholars in the room may be from 40 to 48, and no more, sup- 
posing the air to be changed two or three times an hour. He mentions 
20 cm. of fresh air per head and hour as the quantity that ought to be 
supplied by artificial means, not taking into account the natural ventila- 
tion. This amount, 700 cubic feet, is very much less than that which is 
theoretically needed (3,500 cubic feet); but he insists on the necessity of 
frequently opening the windows wide in intervals of work. 

The light must be taken from the left side only. A room which can- 
not be sufficiently lighted from that side is unfit for a school-room. The 
light is all the better when the windows are closely grouped and not dis- 
tributed along the wall. The sill should slope inward, and its higher edge 
should be 1.1 or 1.2 metres above the floor — a little over 40 inches. 



' Vierteljahrsschrift fiir uifentliche Gesundheitspflege, 1876. 
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School Desks and Seats. 

Two classes of children require special favor, or special arrangement,, 
in the assignment of seats. The near-sighted and those partially deaf 
ought to sit near the teacher; and any custom of seating pupils by rank 
should give way before this medical necessity. It is extremely desirable 
that such children should be examined by suitably qualified j^hysicians. 
In the case of the eye, both the nature and extent of the disease are easily 
mistaken by an unprofessional observer; and the use and selection of 
glasses ought always to be directed by a physician. In the case of the 
ear, a great part of existing disease in children is curable, or at least may 
be improved, and is nearly certain to grow worse by neglect. 

Badly 2>'>'oportioned desks and seats may aggravate the tendency to 
near-sight, by compelling the scholar to lean forward too far in Avriting- or 
reading, or by bringing the page too near the face. 

The natural and correct position for a book is a more or less upright 
one. If a book lies flat, the reader has to stoop somewhat. Most desks 
are sloped a little, to satisfy this requisition, and for most children this 
may answer; but a near-sighted child ought to have a desk at which he 
can sit upright, and face the book, which should be raised at a consider- 
able angle, say about 60° from the horizontal. Such a desk has the lid 
in two pieces, hinged together, and the piece next the body can be tilted 
up to the required angle, like the music-holder of a piano. Fifteen inches 
is a proper distance to hold the object looked at. 

As desks have been mentioned, it may be best to complete the notice 
of certain essential points in their construction. 

The seat, if too high, raises the feet from the floor, and deprives the 
body of two important points of support. The feet should rest firmly on 
the ground or on a foot-board, the knees not elevated. 

The child sitting upright on the seat, and his arms hanging freely, the 
edge of the desk next his body should be about one inch higher than the 
level of his elbows. If the desk be higher than this, it will cause a ten- 
dency to twist the body in writing; one shoulder will be raised more than 
the other, and lateral curvature of the spine may be the result. In parts 
of Germany and Switzerland such deformities have been observed in 
great frequency among scholars using such desks. For girls the desk 
may be one-half or three-quarters of an inch higher. 

A line dropped from the edge of the desk ought not to fall clear of 
the seat, but should strike the edge of the latter or an inch or two within 
it. This arrangement brings the desk so near the body that the child 
naturally takes an upright position, and is not able to lean over in writ- 
ing, as is the case when the seat is at some distance from the desk. This 
upright position should be maintained in the interest both of the eyes and 
of the spine. 

As a general rule, American school-desks and seats satisfy these re- 
quirements pretty well. They almost invariably have supports for the 
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shoulders, which is not thought necessary by some careful students of the 
subject in Germany, a support rising a trifle above the level of the elbow 
being thought sufficient. 

There is, however, one point which is greatly neglected. In a large 
room, containing fifty or sixty seats and desks, it is quite usual to find all 
of one size, so that only a portion of the scholars are suited. The most 
perfect grading of schools will not prevent considerable inequalities iu 
the size of the scholars in each room; to meet which three sizes of desk 
ought to be employed for each class iu large graded schools. In schools 
of mixed ages, the number of sizes must be increased. 

DIMENSIONS (IN CENTIMETRES) OF SCHOOL DESKS AND SEATS SUIT- 
ABLE FOR SCHOLARS OF DIFFERENT SIZES. 





Height 
of the 
scholar. 


Height of front edge 
of desk above the 
seat. 


I 


98-109 


51.5 


II 


109-120 


56. 


Ill 


120-131 


60. 


IV 


131-142 


66. 


V 


142-153 


71.5 


VI 


153-ir)4 


76.5 


VII 


164-175 


81.5 


VIII.. .. 


over 175 


86. 



45.5 

50. 

54. 

60. 

65.5 

70.5 

75.5 

80. 



5« 



30. 

33. 

36.5 

40. 

44. 

47.5 

51. 

54. 



15.5 

17. 

18.5 

20. 

21.5 

23. 

24.5 

26. 



to 50 d 



15.5 

17. 

18.5 

20. 

21.5 

23. 

24.5 

26. 



■2 «t 

17.5 

19. 

20.5 

22. 

23.5 

25. 

26.5 

28. 



c o 



-■Si 

^ x: 
CCS 

a. 



20 
20 
20 
22 
22 
22 
24 
34 



10 
10 
10 
10 
12 
12 
12 
13 



22 5 

24^ 

25.5 

27. 

28.5 

30. 

31.5 

33. 



1 The term "difference" = difference between height of seat and height of desk, at the part next the 
scholar. 

' The term ''distance" in tho table denotes the distance between this perpendicular line* and the edge 
o£ the seat. (* See bottom of p. 61-1.) 

Mental Application. 

To a child in good health there is nothing more delightful than the 
properly-directed use of his mental faculties. I need not stop to argue the 
advantages of the kindergarten; but, assuming them, I would point out 
how earnest, how interested, how pleased the children are with a process 
involving so much real exertion of mind that they are not allowed to give 
more than two and a half or three hours a day to it. Beyond all question, 
the bodily and mental health of children is promoted by a process which 
is thus conducted and restricted. Mental labor, rightly directed, is a most 
healthful occupation; and there is no real reason why this should not be 
true at all periods of school-life. The interest of little children can be 
kept up to any desirable pitch by methods which have been reduced to a 
system : if this is not true of older scholars, is it not because the key has 
been lost by their educators ? 

All plans of study which force children to assume a task before the 
mind is sufficiently dcA'eloped to grasp it are bad; and so are all which 
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compel the child to learn without understanding what he is old enough to 
understand. Some children are averse to reflection, or are gifted with 
such ready memories that they find it much easier to learn by rote, with- 
out making the effort to understand. But I think there are few to whom 
their studies cannot be made attractive by rational means of teaching; so 
that the effort is made spontaneously, instead of by compulsion. And 
the difference between spontaneous and forced action is of great conse- 
quence to the health and mental energy of the child. 

It is bad to suppress the natural working of a pupil's thought in con- 
nection with his study. This suppression may be effected by neglect, by 
oversight, by want of sympathy, on the part of a teacher; and when a 
teacher is herself overworked, and forced to attend to an excessive num- 
ber of pupils, who remain with her for a very short time, she may be free 
from blame for such neglect. It may also be effected by a routine of 
study which exacts visible and measurable results — a given number of 
pages or of " facts" acquired, rather than comprehended — a routine which 
can be and is successfully passed through by scholars only by bending 
all effort to the act of acquisition. A scholar may not be conscious of it, 
and may be trying faithfully to do his duty; but, if his mind is not prop- 
erly fed by his school and his teacher, he will show signs of inanition. 
Food eaten with an appetite is the better digested; and mental dyspepsia 
is not good for the bodily health. 

A more obvious source of bodily or mental injury exists in the over- 
work and strain which, there is reason to fear, fall upon numbers of our 
children. By overwork, I mean an absolute excess of exertion; by strain, 
working at moments of fatigue, or working under excess of emotion. I 
will speak of these in turn. 

1. Amount of mentcd exertion. — It is true that individuals differ widely 
in their capacity for effort; nevertheless, among the very great majority 
of educated persons and children in school there is a tolerable degree of 
uniformity. 

At West Point Military Academy everything is in favor of the utmost 
efficiency. The pupils are picked young men, just past boyhood. They 
are excluded from dissipation and from general society; and their active 
bodily exercises, their regular diet and sleep, and the healthful climate of 
the place, leave nothing to be desired. The daily time assigned at West 
Point to study and recitations is about ten hours a day during the six cold 
months. 

At the Massachusetts Agricultural College the actual work amounts 
to nearly ten hours daily, besides six and one-fourth hours of militar}'^ 
drill and farm-work weekly. 

These figures represent the maximum average capacity of a superior 
class of young men, free from disabilities, at their most vigorous age. 

In universities, probably a somewhat lower average might be found. 
As far as my own inquiries extend, the amount of study and recita- 
tion which is most profitable varies between eight and nine hours a 
day. 
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In high-schools, during the period of rapid growth and sexual devel- 
opment, a lower figure must be assumed; and it seems certain that five 
hours, or, under the most favorable circumstances, six, is all that should 
be required. The age of pupils in high-schools usually ranges from 12 
to 17. 

Below the age of 12 years, four hours are probably sufficient; below 
10 years, three or three and a half; below 7 years, two and a half or three. 
In regard to children under 10 years of age, my opinion is strongly in 
favor of this restriction. The arrangement by which these young pupils 
are kept in school the same number of hours as those of the age of seven- 
teen is absurd from every point of view except one. That one is, how- 
ever, the one taken by a majority of parents, who consider that they pay 
to have their children taken out of their loay for a given number of hours, 
and are annoyed by their presence at home. Every attempt to cut down 
the hours of attendance for young children will be met by prejudices based 
upon this belief. 

It is one of the best established laws of physiology that work in ex- 
cess of the power of the system adds nothing to the result achieved. If 
a child's capacity is limited to three hours' work, then he will in the long- 
run accomplish no more by being held down to five hours' work a day. 
Experience proves this abundantly. Economy in the use of public money 
demands that it be recognized. If a fact, it ought to occupy a foremost 
place in the plans for improvement which our school boards are supposed 
to entertain. It is therefore proper to state some of the grounds upon 
which the above statement of the number of hours suitable for children's 
study is based. 

The argument a ^;;'/ori is complete. Children are characterized by 
imperfectly developed brains, by a feeble power of concentration, by ina- 
bility to perform continued tasks of any sort without injury. Their bodies 
and their minds alike require frequent change of position. It is true that 
in a child of eight years the mental faculties are employed upon some ob- 
ject or other, and often with earnestness and concentration, for at least 
twelve hours of each day. But it need hardly be said that the child 
works very differently from the adult, and that certain classes of work, as 
the scholastic, cannot be performed by him in the same way. The solid 
results of mature scholarship are attained by the power of long-continued 
application, of which the child is destitute. A child of from 5 to 7 years 
is said to be able to attend to one subject, a single lesson, for about 15 
minutes; from 7 to 10 years, about 20 minutes; from 10 to 12 years, about 
25 minutes; from 12 to IG or 18 years, about 30 minutes.' And the in- 
ference is justifiable, that a child's power of accomplishment, in mental 
effort, is represented by half as many hours' work daily as in the case of 
a young person of 15 years 



' This opinion is quoted from the work of Mr. Edwin Chadwick upon the Half-time 
System in Education — a work to which the reader is respectfully referred for a large 
body of facts bearing on this and cognate points. 
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The argument a posteriori, based on experiment, is apparently in 
favor of the same conclusion. For instances in which the half-tnne sys- 
tem has been tried, the reader may consult the Reports of the Massachu- 
setts Bureau of Labor for 1871, 1875, and 1878, which contain carefully 
prepared accounts of that system. Without .repeating here the state- 
ments collected in these papers, it may suffice to say that they should 
carry great weight as coming from practical men both in England and 
America. 

As understood in England, the " half-time system " is a plan for edu- 
cating children of the laboring classes by sending them to school for 
three hours each day, or thereabouts, and employing them in factories, in 
shops, or on farms, for the rest of the working hours. It is generally 
found in England that children thus employed make as good progress in 
study as those who attend school for six hours a day. About 100,000 
children are thus taught; in America the plan is not now in use, I be- 
lieve, but former experiments in several places have given favorable re- 
sults.' 

It is proper to observe that these arguments for shorter hours of study 
reach the same conclusion as that of Dr. Loring, above quoted. That the 
conclusion is drawn from entirely different premises is a fact which ought 
to confirm its value. 

2. Strain, or work performed at a disadvantage. — In our schools all 
are expected to "toe the mark," or to accomplish the same stint of work. 
Those who for any reason, such as temporary indisposition, are unable to 
do this, are blamed or punished, and the unusual elfort made by such 
scholars constitutes, in many cases, an injurious strain upon the faculties. 
In general, teachers are not to blame for this. They have no time to 
spare to help the slow ones, and are not generally permitted to make 
allowance for indisposition. It is not hard to see how a rigid system, or 
an overcrowded course of study, may act in discouraging and depressing 
a conscientious pupil. The teacher has no time to teach him; he must 
learn his lesson, or, at all events, must learn to recite, and, if unable to 
grasp the statements contained, he has the mortification of failure after 
doing his unaided best. Uniformity enforced on a large scale, an exces- 
sive number of pupils to a class, and an excessive number of studies, are 
so many elements in the production of this evil. 

A system of rank and rewards based on success in reaching an arbi- 
trary standard of acquirement is, no doubt, highly stimulating. For 
boys the stimulus is desirable, as a rule; for girls not. The mere amount 
of labor exacted of children is not so important as the spirit in which it 
IS done; and, in the case of girls, the apprehension of failure, the -dread 
of disgrace, the eagerness for success, are so much more acute than in 
boys, that they are easily injured by appeals to these emotions, which 
would be rather beneficial to boys. To enforce this point— the danger of 



' In Salem, Mass., it is carried out to a limited extent, under special conditions, 
with success. 
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effort performed under stress of emotion in sensitive subjects — I will add 
the remark, that emotion is a far more active cause of insanity than any 
kind of over-exertion of body or mind. 

In the case of girls there is a special occasion for slight relaxation of 
discipline or requirements during- the period of the monthly illness. 
Neglect of this fact has injured the health of many thousands under our 
system of education. The growth of girls for two or three years, from 
the age of 11 or 12 onward, is very rapid; in fact, they then surpass 
boys of their own age, both in height and weight. With this rapid 
growth, and, with many, rather later than earlier in the period, there 
comes the development of the sexual functions — a critical event in the life 
of a girl. Bodily growth in this double sense, and the moral development 
which should go with it, form, during these years, the most important 
functions of her existence. It is then, however, that she is exposed to 
two sorts of strain most deleterious to her vitality, namely, the pressure 
to complete her education (which is supposed to be finished in all points 
at an age when boys are only prepared to enter college), and the pressure 
of outward life, of what is called " society." It is enough to point out 
these: the remedy must be left to the wisdom of those who frame systems 
of education and those who are the parents of girls. 

Boys of a corresponding age need to be watched over, and advised or 
warned concerning a bad habit which is very common, A great deal of 
discretion is necessary in addressing them; but I believe that a plain, 
direct, serious statement, coming from a master who is respected for his 
own character, will arouse conscience in some, and will deter others from 
acts which are most often begun in ignorance of their nature and conse- 
quences. It is hard to see why parents neglect this duty; but, as it is 
neglected, the schoolmaster cannot avoid some part of the responsibility. 

The health of teachers is more liable to fail under our present system 
than that of scholars. It is perhaps a sadder sight to see a young child's 
forces of mind exhausted by overwork; but the real loss to the commu- 
nity is greater when a fully-developed woman of cultivation and ability 
drops from a condition of perfect health and energy into invalidism, tem- 
porary or permanent. In the case of a large number of teachers the 
fatigue is so great that the two months of summer holidays are spent, as 
it were, upon a sofa, and properly so. 

Several causes may be assigned for this exhaustion. In the first 
place, no doubt many teachers neglect the exercise which would keep 
them in health. It is fortunate when one lives at such a distance as to 
have to walk from four to six miles daily; a habit of exercise formed 
under these circumstances is invaluable. No doubt some eat too little 
through ignorance of what is needful, or take tea instead of beef, or go to- 
bed hungry and cold, or neglect their noon meal, or hurry their break- 
fasts; some are weighed down with home cares; scarcely any probably in- 
jure themselves by "dissipation in society." 

But besides all this there are several circumstances which lie entirely 
bevond their control, some or all of which are certainly the source of seri- 
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ous harm. The clay's work, including the time spent in going to and 
from school, openuig and closing the sessions, lasts from eight to five, 
Avith a sufficient intermission at noon. If thoroughly performed, such a 
day's work is enough for the average capacity of a healthy woman. It 
calls into vigorous play most of the faculties, and requires a good deal of 
muscular exertion in speaking. Responsibility is never absent, and 
arnioying conflicts with obstinacy or stupidity are not unfrequent. At 
the end of a day a teacher should be free to rest and recreate herself until 
the next morning. This, however, is often not the case, and many have 
to spend several hours of the evening in looking over written exercises or 
in making up school statistics. Such an overplus of work is injurious, 
not simply because of its amount, but because it forces the mind to go 
back to the anxieties of the past day, and allows of no let-up from Mon- 
day morning to Friday night. Business men cannot stand such a course 
of life, nor can teachers. Who does not recall, in each of these classes, a 
number of instances of break-down due to a similar cause ? 

It is worthy of notice that the hardest work of the year comes at a 
season when teachers and pupils are least able to bear it. In the winter 
many work to the utmost of their strength, sustained by the stimulating- 
climate: in spring this stimulus fails, appetite for food is lessened, and a 
certain languor is felt by many perfectly sound persons. It is then that 
the work of the year approaches its climax, and the entire school for two 
months is conscious of a moral spur to increased effort. The yearly exam- 
ination at the close of June requires additional exertion in preparing 
papers, correcting, marking, averaging, and in making ready for a jDublic 
exhibition.' 

It is the duty of the medical profession to express an opinion as to the 
amount of labor which teachers can properly be expected to perform; and 
in connection with this, the number of scholars that can be attended to. 
A favorite number, in American schools, is fifty-six; which appears to the 
writer too large. By lessening the number of scholars, decidedly greater 
progress could be made with equal ease, and with better comprehension 
of the subjects taught.'* 



' To a question put by the Massachusetts Board of Health, in 1872, in a circular 
addressed to correspondents — viz.: "Is Consumption ever caused by over-study at 
School or College ? " — the following answers were sent : "Yes," from 146 correspond- 
ents; "Yes," indirectly, from 7; "No," from 21; " Doubtful," from 10. The editor 
of the paper, Prof. H. I. Bowditch, remarks: "I have seen not a few patients — 
scholars — who, under the violent stimulus put upon them by an approaching exhibi- 
tion, or examination for rank or for prizes, have sunk immediately after such extra 
intellectual labor, wholly prostrated in mind and body ; and where I have seen them, 
far-advanced consumption was plain. Such cases are utterly hopeless." 

'•^ The following letter from a teacher in a Boston public school will be of interest. It 
fairly represents the point of view, not of the sickly, but of the strong and able teacher. 

" I think the work of most teachers extends from Monday morning at least to Satur- 
day night. The many Saturday classes for teachers give mental work very different 
from that of the five school-days, but the school-care is present there. 

" Bad ventilation is another chief source of illness, I think. Many colds come 
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The above remarks are applicable, in principle, to all classes, as well 
as to teachers and scholars. In modern adult life, the nervous system 
breaks down so frequently as to have compelled the invention of a new 
term, "neurasthenia" (described in Vol. XIII. of Ziemssen's Cyclopedia), 
which corresponds nearly, in the male sex, to what has long been known 
as " spinal irritation " in the female. These difficult, often almost hopeless 
cases, are usually the result of a double series of causes: first, hereditary 
tendency to nervous break-down; and second, excess of effort, or rather 
of strain, in adult life. Mere muscular excess is rarely the cause, in our 
times, though sometimes this seems to be the case. Anxiety and con- 
tinued exertion are the chief causal factors of neurasthenia; and they 
will doubtless continue to be such, as long as " success " remains the ab- 
solute duty of every citizen. 

It is very doubtful whether the American merchant accomplishes more 
by his constant activity than the Englishman does with his shorter hours 
and longer relaxation. There can be no doubt whatever of the viltimate 
effect. The amount of effort which can be safely exacted from a human 
being is exceeded by large numbers of our citizens, and the result must 
be degeneracy, in the parent and in the child. 

This degeneracy does not usually take the form of an appreciable 
organic lesion, such as sclerosis, of the nerve-substance. The affections 
which it causes are rather such as imply a defect of nutrition (involving- 
power or coordination) usually within the limits of apparent anatomical 
integrity. 

The tendency to the production of organic degenerations of the blood- 
vessels, the kidneys, and other viscera, in the case of protracted close 
devotion to a monotonous business in a dull climate like that of England, 
is now well understood. In the beginning of many such cases a benefit, 
almost equivalent to a " renewal of life " may be expected from a total 
change of climate, with new and vivid mental interests, for at least six 
months. 

The chief difficulty, in the case of many men, seems to consist in the 
impossibility of finding for them any relaxation: they have no interest 
except work, and are unfit for any work except of one sort — that which 
it is absolutely necessary that they should escape from for a time. The 
remedy for this mental helplessness may be found in the hands of the 
educator. When our youth are made to feel that music, botany, carving, 
and other things which may be taught, are objects worthy of the atten- 
tion, not only of children and half-grown youths, but of men of business 



from the necessity of securing' only partly purified air by means of a cold draught ; 
and repeated colds, with no possible 'let-up' in the work meanwhile, are in part the 
cause of the spring break-down. 

"Mr. Collar, of the Roxbury Latin School, told me once that he made it a rule for 
his teachers to lessen their own work and their pupils' when the warm weather begins. 
I try to do the same thing with my classes, and I know of others who do ; but even 
where the endeavor is made, I think what you say of the culminating of school work 
when the system is least able to bear it is perfectly true." 
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and matrons, then a step will be taken which may lay tlie foundation of 
habits of relaxation, that will save many a mind from " break-down " or 
perhaps from insanity. 

It is true to a large extent that the mind is more rested by a change 
of activity than by absolute repose. It is, however, essential, that, in 
thus changing, the mind shall not merely turn from a disagreeable task 
to an uninteresting one, but shall draw from the new pursuit the pleasure 
which novelty ought to give. The literary man may find great pleasure 
in entirely laying aside a subject for weeks, and turning to a new- one. 
All of us require to see new i^laces and persons; and this longing for 
change is so far from being inconsistent with steady habits that it consti- 
tutes one of the chief elements in the value of the Sabbath, considered 
physiologically. 

Few men can stand more than five or six hours of original work per 
day; somewhat more of routine work may be borne, if performed under 
good conditions, in good air and light, with a mind free from anxiet}"^, 
and a stomach that gives no trouble. A good many will not bear ten 
hours a day of mental routine work. 

In the case of women, there is a phrase frequently used by them which 
suggests an etiology. Many women claim to possess *' great nervous 
strength," with little physical endurance. The meaning of the expression 
is, that they are caj^able of an effort of will, sustained for years if need 
be, which gradually drains from them all the forces of their system. The 
effort may be made for ambitious reasons, as in the case of girls at school. 
Among adult women it is commonly made for unselfish ends — for the 
purpose of advancing the interests of husband or family, or of nursing an 
invalid through long illness. The result is, the production of a pitiable 
state of worthless invalidism. 

It is proper to add that sexual irregularities and excesses form an im- 
portant cause of nervous break -down; but the present is not the place to 
treat of them. 

No subject deserves the more careful attention of physicians than 
that of the education of young women. In America, in thousands of 
schools, large numbers of this class are collected, from the ages of thirteen 
up to twenty, and even older, in public schools, where they are made to 
conform to the same inflexible routine as that which boj's of the same age 
are subjected to. It is doubtless of great value, in a moral point of view, 
that a girl should be ambitious to be punctual in attendance. But the 
moral gain is outweighed by physical loss, if the scholar makes a practice 
of coming to school without her breakfast, for reasons of family conven- 
ience, as is very often the case. 

It is desirable that she should feel the obligation to prepare her les- 
sons; but in how few cases is that obligation tempered by an allowance for 
the modified state of feeling and force which attends the monthly periods! 
The principal of a high-school for girls, numbering nearly eight hundred 
informs the writer that, upon entering upon the duties of his office he 
found no recognition of this fact in the administration of the school; that 
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no " difference was made " for those who were unwell. With tlie aid of the 
first assistant teacher — a woman of rare sense — he divided the school into 
classes of thirty, assigning to each class one lady teacher, whom every girl 
was expected to inform of the occurrence of the monthly function, on each 
occasion, on entering school in the morning. As is usual in American 
schools, almost all the instructors are females. Each scholar, on thus 
notifying her matron (if the term may be used), is excused from going to 
the blackboard to stand for work; from standing in recitation; from 
going up and down stairs to recite in special studies, and especially from 
going down-stairs to work in the chemical laboratory. These rules com- 
mend themselves to the common-sense of the profession; for they have 
not yet penetrated the intelligence of the public. The principal of a high- 
school for girls and boys informs the writer that he had been accustomed 
to excuse the girls from a day or two of attendance upon their simple re- 
quest, without compelling them to state the reason; but that the practice 
had been stopped by the remonstrance of a number of his school commit- 
tee, who complained, in the presence of the boys and girls, of the low per- 
centage of attendance of the latter. It is, however, now recognized by 
the more intelligent that school-houses for girls must not be built of more 
than two stories, if it can be avoided. 

Bodily Exercise. 

In country schools, there are opportunities for play which may make 
gymnastics unnecessary. In fact, for boys who will play, sport is the 
best. In cities, however, and manufacturing places, many boys and most 
girls will find their privileges of open-air sport curtailed; a fact to which 
is largely due the deterioration of modern civic populations. For these, 
gymnastics may replace the simpler discipline of rough-and-tumble sports, 
supplying a more thorough and systematic means of developing the body 
into usefulness and symmetry. 

Some boys, and many girls, are so disinclined to active sport, or else 
so unhandy in it, that they need an artificial substitute. In the case of 
these, all arguments against the " unnaturalness" of gymnastics fade out 
of sight, when confronted with the fact that the system makes healthy 
and enduring adults out of weak and awkward boys and girls. 

One of the chief advantages of gymnastics lies in the fact that they 
can be adapted to the needs of individuals better than other forms of exer- 
cise. This presupposes a teacher for gymnastics, a person capable of 
judging when a scholar should stop exercising, and so far instructed in 
the anatomy of the body as to recognize defects, and to apply the proper 
exercises for correcting them. Where there is no such guide, the teacher 
can adopt some form of calisthenics, which will be good as far as it goes; 
enough for many, and useful to all. 

The lighter exercises, taken without apparatus, and without much 
movement of the legs, may be practised at a moment's notice at any time 
in the school-session. Their aim is not to make the muscles visibly bigger, 
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but to stimulate the circulation and respiration moderatoly, for a short 
time. They ought always to be so managed as to prove a diversion to 
the mind; in fact, this end is really the most important one connected 
with calisthenics. An easy tune may be played on the piano in concert 
with the rhythmic movements of the pupils. Marching, and various easy 
military manojuvers, are capable of interesting children. The teacher 
should aim to make the pupils feel that what is done is important ; and 
to this end she ought to know something of the first principles of physi- 
ology, and to feel their weight. If the children begin to look on the ex- 
ercises as "silly," or the teacher considers them irksome, they are likely 
to be of small use. 

A scholar should be expected to spend at least two hours out of every 
twenty-four in the open air, during most of the year. This requirement 
seems to me moderate. A teacher should spend at least an hour daily in 
the open air — not the air of a horse-car, or railroad. 

The systems of gymnastics now in use — both heavy and light — are 
mostly the inventions of Germans or Swedes. There is one point in con- 
nection with the German practice which deserves our imitation : they 
place the apparatus in the open air, when possible, or in a shed separate 
from the schoolhouse, in the middle of a yard. The advantage of exer- 
cising in the open air is too obvious to need remark ; but the point is 
nevertheless very little attended to in our own public gymnasiums. Even 
school gymnasiums (where they exist) are not always well lighted and 
ventilated. 

Singing constitutes an excellent exercise for the body, as well as re- 
laxation for the mind ; but I have seen it carried on in a room set apart 
for the purpose, and so closely packed and badly ventilated that it was- 
difficult to remain in it. It hardly needs to be said that that which sets 
the lungs in vigorous action implies and demands an abundant supply of 
fresh air; and that to perform exercise in close rooms is more exhausting 
than to sit still. 

In institutions for young men and young women, some form of gym- 
nastics ought not only to be encouraged, but, as shown by the accounts 
from Amherst College, Massachusetts,' it is feasible to require such exer- 
cise of all who are in health and free from deformity. The need of some 
vigorous muscular exertion is more felt by a certain class of young men 
who have always had some hard labor to perform; and who, on the other 
hand, have never acquired the art of elegant muscular exertion as an 
amusement. 
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Adipocere, I. 147 

Adobe huts, with mud roofs, II. 106 
Adulterations, classification of, II. 355 

methods of detecting, II. 359 

Aeration of water, I. 267 
Aerial disinfection, II. 553 
Aeronauts, II. 69 
After-damp, II. 241 
After-hold. II. 178 

Age at which children should be sent to 
school, I. 141 

Agnew, statistics with regard to astheno- 
pia, II. 06 

Agricultural laborers, II. 55 

Air, bad, effects of, I. 640 

Air-bricks, Jennings', I. 744 

Air-dressing, I. 25 

Air, fresh, quantity required per hour and 

head, I. 704 

gaseous impurities in, I. 62!) 

in the soil, I. 400 

motion of, through ground, I. 405 

presence of animal exhalations in, I. 
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Air, pure, composition of, I. 602 

solid impurities in, I. 626 

Airing of beds, I. 384 

Alabama, towns of, affected by yellow 

fever, II. 5()2 
Albuminose or loeptone, I. 152 
Albuminous food, uses of, I. 153 

principles of food, I. 148 

principles, course and destination of, 

I. 152 

Alcohol, as an element of food, I. 171 

physiological action of, I. 171 

proportion of, in different liquors, I. 

176 

Alcoholic stimulants, in training, I. 361 
Algse, in ice, I. 291 

in sources of water-supply, I. 235 

Algonquin, blood-boiling apparatus of, II. 
431. 

Aliment, indirect, I. 160 
Alkali Acts of 1863 and 1874. II. 444 
Alkali-albumen, I. 150 
Alkalies, use of, as disinfectants, II. 566 
Alkaline earths, excess of, in water, II. 
121 

All-earthen closet of Jennings, I. 504 
Alluvial soils, I. 427 

Altona, Germany, water-supply of. I. 267 
Alum in bread, II. 360 
Alumina processes of purifying sewage, I. 
530 

salts, as disinfectants, II. 565 

Ambulance corps, II. 167 
Ambulance, definition of the term, II. 163 
Ames odorless excavating apparatus, I. 521 
Ammonia and ammonium sulphate, manu- 
facture of, II. 439 
Ammonia, fumes of, II. 12 
manufacture of, II. 15 
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Ammonia, presence of, in the air, I. fi30 

Amphoteric milk, 1. 108 

Amusements, importance of, in military 

camp-life, II. 118 
Amylaceous principles, I. 160 
AnabtEua circinalis, figure of, I. 337 
Analyses of hospital air, by Prof. E. S. 

Wood, I. 720 
Analysts, English Society of, standard of 

milk, II. 366 
Anapale, I. 343 
Amott's chimney-valve, I. 775 
Anderson's process of purifying sewage, I. 

531 

Angiomata of the infantile mamma, I. 85 
Aniline, manufacture of, II. 23 
Aniline colors, II. 23 
Animal exhalations in the air, I. 631 
Animal matter found in the soil, I. 428 
Animalcule in drinking-water, I. 294 
Animal matters, storage and handling of, 
II. 411 

Animals, diseased, II. 461 

rare, shops for sale of, II. 401 

slaughtering of, II. 402 

Animal substitutes for milk, I. 117 
Annular ventilating tube, I. 501 
Anthracosis, II. 33 
Anthrax, or splenic fever, I. 20 
Antimony in breast-milk, I. 99 
Antiseptic, definition of the term, II. 548 
Apartments, disinfection of, II. 568 
Aquamalarial fevers, II. 130, 145 
Aqueous vapor in air, varying amounts of. 

I. 650 

Arctic regions, effects of alcohol in, I. 174 
Areas, dry, I. 414 

Arlington, Mass. , water-supply of, I. 246 

Army rations, I. 194 

Ai-rowroot, adulterations of, II. 359 

starch, I. 101 

Arsenic in breast-milk, I. 99 

compounds, for disinfecting purposes 

II. 566 

Arsenical preparations, effects of, upon 

workmen, II. 46 
Artesian wells, I. 253 

principle of, I. 255 

Artists, II. 65 

Ash-closet system of collecting excreta I 
514 

Ashes and dry refuse, removal of, I. 565 
Asphalt pavement, advantages of, I. 555 



< Aspiration, ventilation by, I. 712, 776 
Assaying, II. 442 
Ass's milk, analysis of, I. 106 
A-tents. II. 98 
Athletes, II. 63 
Athletic exercises, I. 342 
Athrepsia, definition of the term, II. 383 
Atmosphere, composition of, I. 601 
Atmospheric pressure, injurious effects of 

variations in, II. 68 
Attitude, constrained, injurious effects of 

II. 63 

Automatic system of ventilating ships, of 

Thiers and Roddy, II. 199 
Autopsy-rooms, in hospitals, I. 767 
Autopsy-table of H. J. Bigelow, I. 767 
Azote, in coal-mines, II. 244 

Bacillus anthracis, I. 19 

subtilis, I. 19 

^ Back-Bay lands in Boston, I. 402 

j Bacteria, I. 1(5 

I Bacteridia of Davaine, I. 19 

I Baginsky, researches of, with regard to 
milk, II. 291 

Bakers, II. 56 

Baking-powders, II. 375 

Balconies in hospitals, I. 756 

Baldness, premature, I. 392 

Ball, on physical exercise, I. 317 

Ball -and- water trap of Bower, I. 498 

Barclay street fire, cause of, II. 40 

Barley, in diet of children, I. 131 

Barometric changes, influence of, upon 
pressure of sewer air, I. 476. 

Barometric pressure, I. 665 

effects of, upon ventilation of mines, 

II. 340, 263 

Barrel system of removing excreta, I. 530 

Bartlett, W. H. C. , on mortuary experi- 
ence of the Mutual Life Ins. Co. , II. 344 

Basements of houses, how to keep them 
dry, I. 400 

Bath, simplest form of, I. 370 

temperature of, for newly-born in- 
fant, I. 87 

Bathing, general, I. 371 

injurious effects of, upon the ear I 

393 

Bay Ridge, sanitary work accomplished at 
II. 589 

Bedding, disinfection of, II. 568 
Beds, I. 383 



INDEX. 



635 



Beef, Johnston's fluid preparation of, I. 
190 

Beef -tea, I. 117, 189 

Beer, II. 374 

Beetroot-sugar, I. 103 

Beeves, methods of killing, II. 403 

Belgian pavements, objections to, I. 553 

Bell-tent, II. 99 

Bell-trap with square receiver, I. 497 
Benzine vapors, effects of, II. 24 
Benzoic acid, antiseptic properties of, II. 
501 

Bernardin, I. 104 
Berth-deck, II. 178 
Bilges, II. 179 
BUI of health, II. 481 
Billings, on jurisprudence of hygiene, etc., 
I. 1 

on hospital construction, I. 745 

Bird-shops, offensive odor from, II. 401 
Bird's process of purifying sewage, I. 531 
Bismuth in breast-milk, I. 98 
Blackburn Infirmary, ground plan of, I. 
741 

Blacksmiths, II. 57 

Blackstone river, Mass., chem. exam, of, 

I. 233 
Blankets, I. 384 
Bleachers of cloth, II. 14 
Bleaching-works, II. 441 
Block system of constructing hospitals, I. 

741 

Blondes, milk of, I. 104 
Blood-boiling, II. 431 

Blyth's process of purifying sewage, I. 530 
Boarding-station, II. 480 
Boatmen, II. 55 

Boat-racing, injurious effects of, I., 341 
Bodies, depth at which they should be 
buried in the soil, I. 545 

exhumation of, II. 459 

human, II. 450 

Bodily exercise, importance of, for school 

children, II. 023 
Boiled milk, I. 108 

Boettcher's reaction for carbonic oxide, I. 
025 

Boiler incrustation, I. 285 
Boiler-makers, II. 70 
Bonding bricks, I. 415 
Bone-boilers, II. 20 
Bone-boiling, II. 430 
Bones, disposal of, II. 413 



Books, covers of, colored with poisonous 

dyes, I. 388 
Boring, as a means of draining the soil, I. 

423, 424 

Boston, consumption of water during 

" great fire," I. 213 
Boussingault's experiments with salt, I. 

107 

Bowditch, H. I., on soil-moisture as a 

cause of consumption, I. 412 

on causation of consumption, I. 577 

on law of soil moisture, II. 341 

Bower's ball-and- water trap, I. 498 

Brandy, adulterations of, II. 359 

subcutaneous injections of, in asphyxia 

or debility of the newly-born, I. 70 
Brass-founders, II. 19 
Brattice, description of, II. 231 
Bread, adulterations of, II. 300 
Breast-milk, analysis of, I. 95 
influenced by drugs administered to 

the mother, I. 97 
superiority of, as an infantile aliment, 

II. 289 

variations in composition of at differ- 
ent periods of lactation, I. 103 

when to be given, I. 90 

Breed, Dr., on drainage of swamp-lands in 
Bureau county, Illinois, I. 422 

Brewer, Dr. Charles, on mountain fever, 
II. 133 

Brewers, II. 25 

Brewing, II. 434 

Bricks, enamelled, for damp-proof courses, 

I. 414 
Bricklayers, II. 50 
Brickmakers, II. 50 
Brick -making, II. 4il 

Briggs, on moisture in the air, I. 077 
on ventilation of Hall of Representa- 
tives at Washington, I. 720 
Brokers, II. 59 

Bromine, use of, for disinfecting i)urposeH, 

II. 550 

Bronze powder, injurious effects of, II. 50 
Bronzers, II. 32 

Brooklyn, N. Y. , well in Prospect Park, I. 
244 

Brooks drain-pipe ventilator, I. 488 
Brown, F. H. , oia general principles of hos- 
pital construction, I. 737 
Brunettes, milk of, I. 104 
Brush-making, II. 43 
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Buchanan, on causation of conBumption, 

I. 578 

Bunions, I. 387 

Burial, advantages of, as compared with 

cremation, II. 455 

of the dead, II. 451 

Burial-grounds a source of contamination 

to wells, I. 543 
Burnett's fluid, II. 560, 5G3 
Bursae produced by different occupations, 

II. 73 

Bursting of grindstones, II. 85 
Businesses, classification of, in France, II. 

384 

Butchers, II. 26 

Butter, adulterations of, II. 360 
Buttermilk, as an element of the infant's 

diet, I. 118 
Button-makers, II. 44 
Byssinosis, II. 33 

Cabinet-makers, II. 64 

Caisson- workers, II. 69 

Calculi in bladder of infants, I. 84 

Calidarium, I. 374 

California stove, II. 172 

Callosities produced by different occupa- 
tions, II. 73. 

Calorifacient food, I. 146 

Calves, slaughtering of, II. 408 

Cambridge, Mass. , water-supply of, I. 252 

Camp diseases, II. 142 

Camp for 600 men, 11. 84 

Camp Grant, Arizona, II. 94 

Camp Lowell, in Southern Arizona, II. 103 

Camp of an army corps of 18,620 men, 
II. 88 

Campagna, efforts to render it healthy, I. 
423 

Camping out, II. 171 

Camps in general, II. 81 

Camps of civil life, II. 171 

Candy and confectionery, adulterations of, 

II. 363 
Cane-sugar, I. 163 

Canned vegetables and meats, II. 361 
Canons, II. 94 

Carbohydrates, uses of, I. 165 
Carbolic acid, II. 559 

use of, for disinfecting purposes, I. 

564 

Carbon bisulphide, injurious effects of, II. 
22 



Carbon dioxide in the atmosphere, II. 187, 
192 

Carbon disulphide, II. 554 

Carbonic acid, diffusion of, in rooms, I. 721 

in the air, I. 609 

in the air, method of determining its 

amount, I. 624 

poisoraug, symptoms of, I. 621 

poisoning in mines, II. 256 

presence of, in air of coal-mines, II. 

242 

' presence of, in soil, I. 401 

! Carbonic oxide, effects of inhalation of, I. 
I 623 

i in the air, tests for its presence, I. 635 

Carburetted hydrogen, injurious effects of, 
II. 17 

Carders of floss silk, II. 45 
I Cardiac strain, results of, I. 337 

Carpenter, Dr. J. T., on the effects of de- 
privation of sunlight, II. 333 

Carpenters, II. 64 

Carpet-beaters, II. 46 

Carpet-cleaning machine, II. 431 

Carpet-cleaning a two-fold nuisance, II. 
430 

Casein, I. 151 

Castile soap, I. 371 

Catch-pits for street gullies, I. 473 

Cattle, keeping of, II. 396 

Cattle-plague in England and France, II. 
475 

Causes of disease, I. 13 
Cayenne pepper, adulterations of, II. 365 
Ceilings and inside walls of hospitals, I. 
747 

CeUar-air, tendency of, to rise into the 

rooms above, I. 672 
Cellars, disinfection of, II. 568 
Cellulose, I. 164 
Cemeteries. II. 458 
Census, the, II. 303 
Cess-pits, I. 516 

Cesspools and privy-vaults, air of, I. 452 
Cesspools and vaults, disinfection of, II. 
567 

Chairs in sewer-pipes, I. 469 
Chalicosis, II. 33 
Chalk, I. 426 

Champagne, how manufactured, II. 373 
Charbon, I. 19 

Charcoal, employment of, for disinfection 
of sewer-gas, I. 479 
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Charcoal, burners, II. 57 

ventilator, Latham's, I. 489 

Charqui, II. 140 

Cheese, adulterations of, II. 3G2 

as a source of nuisance. II. 414 

Che'^se-makers, II. 37 
Chemical treatment of drinking-water, I. 
286 

Chemicals, manufacture of, II. 

manufacturers of, II. 15 

Chicago opera-house, ventilation of, I. 720 
Chiccory, I. 180 

Children, forms of labor adapted to, II. 
7,8 

Chimney, proper construction of, I. 682 
Chimney-caps, I. 682 
Chimney-sweeps, II. ;j8 
Chimney-valve, Arnott's, I. 775 
Chloralum, II. 565 

Chloride of calcium, employment of, in 

keeping street pavements moist, I. 563 
Chloride of lime for disinfecting purposes, 

I. 564 ; II. 200, 556 

Chloride of sodium, importance of, as an 

ingredient of the infant's food, I. 115 
Chloride of soda, Labarraque's solution of, 

II. 556 

Chlorides in water, importance of deter- 
mination of, I. 296 
Chlorine as a disinfectant, II. 200, 555 

different modes of generating it, II. 

555 

— — fumes of, II. 12 

presence of, in the air, I. 029 

Chocolate, 1. 180 
— — adulterations of, II. 364 
Cholera, endemicite of, II. 477 
■ origin of. I. 576 

Pettenkofer's theory with regard to, 

I. 583 

and quarantine, II. 493 

and sewer-air, I. 588 

and yellow fever among soldiers, II. 

153. 

propagation of, by polluted water- 
supply, I. 591 
Chondrin, I. 153 

Church bells and chimes, II. 468 
Cider, I. 177 

Cigar factories, health of operatives. II. 
43 

Cigar-makers, female, retarded sexual de- 
velopment of, II. 43 



Circulation of newly-born infant, care of, 
I. 75 

Citric acid as an indirect aliment, I. 170 
Clapham, cases of sewer-gas poisoning at, 
I. 585 

Clark's process for softening hard water, 
I. 284 

Classification of food, I. 146 
Clathrocystis aBruginosa, figure of, I. 237 
Clay slates, I. 426 
Clayey soils, I. 427 

Clear and colorless, distinction between 

terms, I. 265 
Cleft palate, influence of, upon nursing, I. 

83 

Clemm's analysis of colostrum, I. 101 
Clergymen, II. 03 
Clerks, II. 65 

Climate, effects of, upon diet, I. 188 
Climatology, I. 656 
Clockmakers, II. 50 
! Clothing, I. 379 

j of newly-born infant, I. 88 

I weight of in navy, II. 213 

! Cloths, towels, etc. , disinfection of, II. 568 
i Coal-gas, cases of poisoning by, I 548 

pollution of soil by, I., 547 

Coal-miners' consumption, II. 240 

Coal mines, hygiene of, II. 229 

Coal tar, acids from, II. 559 

Coal, products of combustion of, in the 
air, I. 636 

Cobbold's objection to sewage-farms, I. 

538 
Coca, I, 181 
Cocaine, I. 181 
Coccobacteria septica, I. 16 
Cocoa, adulterations of , II. 364 
Coffee, I. 177 

adulterations of, II. 363 

Coffee-roasting, 11. 449 
Colchicine in goat's milk, I. 98 
Cold baths, I. 374 
effects of, I. 372 

Collecting galleries for ground-water, I. 
244 

Colostrum, I. 91 

analysis of, I. 101 

Common law, as applied to sanitary mat- 
ters, I. 38 

principles of, in relation to public 

health, I. 40 
Company areas and quarters, II. 90 
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Compositors, II. 04 

Comstock lode, temperatnre observations 

in deep mines of, II. 259 
Comstock miners, diseases of, II. 260 
Conchiolin, II. 44 
Condensed milk, I. 107 
Condensing apparatus of Plymouth Chem- 
ical works, II. 440 
Condiments, I. 183 
Conduction of heat, I. 645 
Conduits, effect upon water, I. 287 
Confectionery, adulterations of, II. 363 
Confervoid growths in sources of water- 
supply, I. 235 
Conical tent of the French Army, II. 99 
Constipation, dietetic cure for, I. 129. 

in infants, causes of, I. 128 

Consumption among workers in dust, II. 80 , 
beneficial effects of high altitudes in, i 

I. 6()9 

dampness of soil a cause of, I. 412, 

577 

Contagious diseases, spread of, in schools, 

II. 605 

Contagium diseases, I. 15 
Contagium vivum, theory of, II. 148 
Convalescent wards, I. 704 
Convection, I. 645 
Cooking, as a nuisance, II. 438 

effects of, upon food. I. 188; II. 207 

Cooks, II. 50 

Cooling-off before bathing. I. 375 
Coopers, II. 04 

Copper colic, disputed existence of, II. 51 

dust, injurious effects of, II. 50 

Copperas, in bilgy ships, II. 200 

use of as a disinfectant, II. 562 

Copper salts, for disinfecting purposes, II. 
565 

Coppersmiths, II. 50 

Corfield, Prof., oa irrigation-farming, I. 

538 

Corned beef, for naval ration, II. 200 
Corns and bunions, I. 387 
Corpses, disinfection of, II. 509 
Corridor system of constructing hospitals, 
I. 742 

Corridors, in hospitals, I. 755 
Cosmetics, I. 371 

Cost of water-supplies, consideration of, I. 

222 

Cottage hospitals, I. 783 

Cotton, microscopic appearances of, II. 211 



Cotton operatives, II. 40 
Coxirses, damp-proof, 1. 414 
Cow-boys, II. 28 

Cowles, Edward, on ventilation of the Bos- 
ton City Hospital, I. 077. 707 
Cowls, different forms of, I. 779 
Cow's milk, analysis of, I. 106 
Cream of tartar, adulterations of, II. 374 
Creamometer, II. 367 
Creasote, II. 559 
Cremation. I. 538 ; II. 454 
Creuzot, France, mines of, II. 242 
Crimping the hair, injurious effects of, I. 
390 

Cubic space per man in U. S. naval vessels, 
II. 179 

Cultivated soils, I. 427 

Curtis, on infant mortality and vital sta- 
tistics, II. 269, 302 

Cutaneous secretion, effects of exercise 
upon, I. 323 

Cut-glass, polishers of, II. 37 

Cutlers, II. 33 

Cyclops quadricornis in drinking-water, I. 
294 

Cysticercus celluloste, I. 205 

DaLiTON's estimates of the daily discharges 

from the human body, I. 191 
Dampness of ships, injurious effects of, II. 

194 

Damp-proof courses, I. 414 

Damp-proof walls, I. 747 

Damp soil, effects of, I. 413 
' Dandruff, I. 390, 392 
; Dantzic, sewage-works of, I. 419 

Daphnia pulex in drinking-water, I. 294 
j Dead-rooms, in hospitals, I. 767 
: Deafness of boiler-makers, II. 70 
I Death-rate as dependent upon hardness of 
I drinking-water, I. 216 

Deep wells, liability of pollution, I. 258 

sanitary examination of, I. 307 

Deleterious adulterations, II. 355 

Deliquescent salts, employment of, in keep- 
ing street-pavements moist, I. 563 

Deodorizing trap, I. 488 

Deposition, as a means of self -purification 
of water, I. 232 

Derby, George, on village hospitals, I. 784 

Derived albumens, I. 149 

De Sauglier's wheel, II. 199 

Desks and seats in schools, II. 614 
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Dew, how produced, I. Ool 

Dextrin, I. 1G2 

Dextrose, I. 163 

Diamond-cutting, II. 37 

Diarrhoea, a common effect of the use of 
impure drinking-water, I. 590 

Diarrhoea from breathing sewer-air, I. 588 

in military camps, II. 150 

Diarrhoeal diseases, among infants, II. 281 

Diblastic theory of diseases, I. 2G 

Diet, influence of, upon prevalence of in- 
fant diarrhoea, II. 288 

in training, I. 360 

Diet of the wet-nurse, I. 105 

Dietetic rules for the newly-born, I. 88 

Digestive system, effects of exercise upon , 

I. 324 

Dilution, a cause of apparent self -purifica- 
tion of water, I. 233 
Diphtheria, I. 20 

from breathing sewer-air, I. 589 

Direct aliment, I. 148 

Discipline, naval, II. 216 

Discus, casting the, I. 344 

Diseases connected with emanations from 

the soil, I. 575 
connected with pollution of the air, I. 

584 

connected with jDollution of drinking- 
water, I. 590 

connected with water in the soil, I. 

577 

resulting from use of improper or dis- 
eased food, I. 196 

Disinfectant, definition of the term, II. 548 

Disinfectants, II. 547 

use of, in street-gutters, sewer-inlets, 

etc., I. 563 

in 3'ellow fever, II. 154 

Disinfection, aerial, II. 553 

importance of studying the subject, 

II. 578 

of excreta, I. 595 

on shipboard, II. 200 

Disinfector for urinals, I. 506 

for water-closets, I. 502 

Disintegration, soils of. I. 425 
Dismal Swamp, water of, I. 218 
Distilled water, aeration of, II. 202 
Distilling, II. 437 
Divers, II. 70 
Dog-fanciers, II. 28 
Dogs, keeping of, II. 401 



I Dogs, mad, II. 463 

Dollfus, of Mulhouse, efforts of. to check 
I undue infantile mortality, II. 299 

Douche, I. 372 

! Drainage and sewerage, defective, iuflu- 
j ence of, upon infantile mortality, II. 292 
Drainage of the soil, I. 416 
Drain-pipe, stoneware, I. 470 
Drain-pipes, arrangements for disconnect- 
ing, I. 487 
Drain-pipe ventilator of Brooks, I. 489 
Drains, open, unsuitable except as a tem- 
porary expedient, 1. 423 
Draughts of air, I. 776 
Dresden, German}', covered reservoir at, I. 
274 

j Germany, water-supply of, I. 249, 253 

Drinking-water and public water-supplies, 
I. 211 

— — contamination of, by coal-gas, I. 548 

contamination of, by graveyards, I. 

543 

pollution of, a cause of disease, I. 590 

pollution of, the cause of typhoid 

fever, I. 582 
Driven wells, I. 253 
Drivers, II. 55 

Dryness of houses, how attained, I. 406 
j Dryness of ship, importance of, II. 182 
I Dry systems of excrement removal, I. 508 
[ Duprc on wine, II. 373 
' Dust in the air, I. 626 
, Dust, irritating and poisonous, II. 28 

Dyeing the hair, I. 391 

Dyers, II. 58 

' Dyes for fabrics xised in the manufacture 
j of clothing, II. 213 

Dye-stuffs used in coloring clothing, irri- 
tating qualities of, I. 381 
' Dyke, Dr. , on filtration of sewage, I. 532 
Dysentery among soldiers, II. 151 
development of, favored by soil-mois- 
ture, I. 584 

from breathing sewer-air, I. 588 

traced to polluted drinking-water, I. 

590 

Ear, hygiene of, I. 393 
Earth commode, I. 510 
Eassie's deodorizing trap, I. 488 

water-closet trap, I. 496 

Ecossaise douche, I. 373. 
Egg-albumen, I. 149 
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Egg mixtures for infants, I. 118 
Eggs as a source of nuisance, II. 410 
Egg-shaped form of sewer, I. 467 
Egyptian mode of ventilation, I. 779 
Electrical current, use of, in establishing 
respiration and circulation in the new- 
born, I. 75 

Electrotypers, nature of their occupation, 
II. 14 

Elevators, in hospitals, I. 755 
Embalming, II. 453 

Eminent domain, right of, as applied to 

sanitaiy matters, I. 37 
Emmett, Dr. Bache McE., on small-pox 

and other contagious diseases, II. 515 
Enamellers, II. 49 

Endemic diseases, investigation of, in vil- 
lages, II. 580 

Enemata, stimulating, in asphyxia or de- 
bility of the newly-born, I. 70 

Engineers, II. 57 

Engine-room, high temperature of, in mon- 
itors, II. 190 
English rivers, condition of, I. 228 
Engravers, II. 01 

Epidemic, definition of the term, I. 13 
Epidemics, management of, in villages, II. 

578 

Ergotism, I. 200 

Erismann's " model school -room," II. 013 
Eruptions due to hydropathic treatment, I. 
375 

Essential oils, storage of, a source of dan- 
ger by fire, II. 417 

Etching, injurious features of the occupa- 
tion, II. 14 

Eucalyptus globulus, I. 423, 430, 432 

Examination, microscopical, of water, I. 
293 

Examination of the soil, I. 437 
Excreta, amount and products of, I. 450 

contamination of soil by, I. 445 

disinfection of, I. 595 

methods of removal, I. 450, 456 

Exercise, physical, I. 317 

physical, importance of, for school 

children, II. 023 
Exhaust-fans for ventilation of mines, II. 
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Exhaust- pipes, II. 468 
Expectation of life, II. 342 
Eye, hygiene of, II. 005 
Eyes, abuse of, II. 01 



Eyes, rules for the care of, especially in 
children, II. 010 

I 

I Factories, .sanitary supervision of, II. 9 
i Factory-leg, II. 7 

I Fsecal matters, surface defilement by, I. 
I 573 

j Fallow wards, I. 758 

I Fancy fowls and birds, keeping of, II. 400 
Farcy, II 401 
: Farinaceous diet for infants, I. 120 

: foods apt to cause fermentation in in- 

', fantile digestive tract, I. 113 
i Farmers, II. 55 

j Far-sightedness in school-children, II. 005 

j Fat-renderers, II. 26 

j Fat-rendering, II. 423 

I Fats, I. 157 

I uses of, I. 158 

j Feather ornaments, manufacture of, II. 
I 44 

I Fecundity, lack of, among cigar-makers, 
j II. 43 

of a people, data for estimating it, II. 

I 313 

Feeding infants, how it should be done, I. 
; 89, 129 

Feet, care of, I. 385 

Fell-mongers, II. 26 
j Ferrous sulphate, use of, as a disinfectant, 
! II. 562 

! Fertilizer-makers, II. 20 
i Fertilizers, II. 414 
' Fibrin, I. 150 

I Fibrous screens, for filtering air, I. 712 
i Field's flush-tank, I. 493 
File-cutters, II. 32 

Filter-beds, advantage of covering, I. 270, 
273 

at Poughkeepsie, N. Y., I. 269 

at Zurich, Switzerland, I. 271 

cleaning of, I. 270, 271 

con.struction of, I. 209 

covering of, I. 275 

Filter-galleries, I. i^45 
Filter, silicated carbon, I. 279 

spongy iron, I. 279 

Filters for cisterns, I. 280 

household, requirements of, I. 274 

tank, I. 277 

tap, objections to, I. 276 

Filth as a cause of disease, I. 27 
diseases of Mr. Simon, I. 399 
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Filth, diseases, relation of, to water-supply 
I. 218 

Filtration, household, I. 274 

of drinking water, I. 264, 268, 283 

natural, I. 248 

on the large scale, cost of, I. 274 

object and results of, I 271 

rate of, I. 270 

treatment of sewage by, I. 533 

Fire-damp, II. 236 
Fire-places, I. 687 

Fire-proof staircases in school-houses, II 
599 

Fireworks, II. 469 

Fish as a source of nuisance, II. 415 

destruction of, by sewage, I. 527 

Fishermen, II. 55 

Flake white, injurious nature of, I. 371 
Flax -hackling, II. 41 

operatives, II. 40 

Flesh- worms, so-called, I. 370 

Flint. Austin, Jr., experiments of, upon 

the pedestrian Weston, I. 330 
Floors, how they should be constnicted, I. 

748 

Floss silk, carders of, II. 45 
Flour, adulterations of, II. 364 

explosion of, II. 39 

Flowers, artificial, II. 47 
Flush-tank, Field's, I. 493 
Flushing of sewers, I. 473 

tanks, I. 474 

Food, adulteration of. II. 351 

and drink, I. 145 

• articles of. liable to be adulterated, II. 

357 

classification of. I. 146 

examination of, II. 578 

proper daily amount of, I. 1 90 

results of taking an excess of, I. 199 

Folsom on disposal of sewage, I. 523 

on hospital construction, I. 746 

radiator, I. 768 

plan of a hospital ward, I. 759 

transom window, I. 773 

Foot-ball, game of, I. 364 

Ford, William H., on soil and water, I. 399 

Forecastle, II. 179 

Fore- hold, II. 178 

Forests, effect of, upon moisture of air, I. 
GG2 

influence of, upon climate, I. 433 

Forgemen, II. 58 

Vol. II.— 41 



Fort Foote, II. 96 

Fort Gib.son, II. 96 

Fosses mobiles of Paris, I. 516 

Foundations of hospital buildings, I. 747 

Fox on the disposal of the slop-water of 

villages, I. 571 
Foyer Joly, I. 689 

Frankland's process of water analysis I 
303 

Franklin stoves, I. 688, 696 
Fraudulent adulterations, II. 356 
Frenum lingua;, influence of, upon nurs- 
ing, I. 83 

Fresh water wells near salt water, I. 250 
Frigidarium. I. 374 
Fruit jellies, adulterations of, II. 365 
Fruits an occasional source of nuisance, II. 
416 

Fullers. II. 27 

Fungus, growth of, in umbilical fossa, I. 
81 

\ Furnaces, I. 691 
I Fusel oU, I. 175 

j Galactagoguks, I. 105 

j Galton fireplace, I. 687 

Galton's hearth, I. ()88 

GaJton's plan for the disposition of hospital 
water-closets, I. 761 

Galvanization over the neck, to establish 
respiration in new-born infant, I. 76 

Galvanized iron for conveying water, I. 290 

Gamblers, II. 59 

Gangrenous ergotism, I. 201 

Garbage, removal of, I. 566 

Gas, illuminating, a source of contamina- 
tion of the air, 1 . 638 

Gas-making, II. 435 

Gas- wells of Pennsylvania, II. 236 

Gas-fixtures, ventilating, I. 783 

Gas-ventilators, I. 777, 778 

Gases found in coal-mines, II 235 

in water, determination of, I. 294 

specific heat of, I. 655 

Gasmen, nature of their occupation, II. 18 

Gelatine, I. 148 

in the infant's diet, 1. 125 

Generative functions, effects of exercise 
upon, I. 326 

Gerardin, investigation of pollution of 
River Seine, I. 295 

German Public Health Association, resolu- 
tion on water-supply, I. 263 
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Gilding, dangers of, II. 18 

Ginger, adulterations of, II. 364 

Gills, rapid growth of, at age of 11 or 13 

onward, II. GIO 
Glanders, II. 461 

Glasgow, Scotland, water-supply of, I. 267 

Glass-blowers, II., 58 

Glass, manufacture of, II. 36, 441 

Glazing or enamel, poisonous, II. 375 

Globulin, I. 150 

Glucose, I. 163 

Glue-makers, II. 26 

Glue-making, II. 433 

Glycerine refining, II. 429 

Glycogen, I. 164, 165 

Glucose in sugar, II. 371 

Goats, keeping of, II. 399 

Goat's milk, 1. 109 

analysis of, I. 106 

containing colchicine, I. 98 

Goldsmiths, nature of their occupation, II. 
13 

Goux system of collecting excreta, I. 513 
Government of camps, hygienic, II. 109 
Grahamite and Trinidad asphalt pave- 
ments, I. 556 
Grape sugar I. 163 

Graveyards a source of danger to persons 

living in their neighborhood, I. 539 
Graveyards, emanations from, II. 458 
Gravels, I. 427 
Grayness of the hair, I. 391 
Grease tank, I. 493 

Green vitriol, use of, as a disinfectant, II. 
562 

Grinders, II. 33 

Grinders' asthma, II. 33 

Grindstones, danger of their bursting, II. 

34, 35 
Grocer's itch, II. 53 
Ground-air pollution, sources of, I. 408 
Ground atmosphere, continual movement 

of, I. 405 

Ground-water, a source of household sup- 
ply, I. 239 

a source of town .supply, I. 244 

and various diseases, connection be- 
tween, I. 579 

definition of the term, 1. 238, 409 

• general character of, I. 238, 251 

inclination of, I. 2o8 

in Munich, diagram of, I. 238, 239 

liability to pollution, I. 352 



; Ground-water, sanitary e.\.araination of, J. 
304 

supply, theory of, I. 248 

theory of causation of typhoid fever, 

I. 581 

velocity of its flow, I. 411 

Guarana, I. 181 
Gullies, I. 472 
Gum, I. 164 

Gum-arabic in the infants' diet, I. 124 
Gun-deck, II. 178 
Gut-cleaners, II. 26 
Gut-cleaning, II. 429 
Guy's Hospital, I. 752 
Gymnastic exercises, I. 343 
Gymnastics in schools, II. 634 
Gymnasts, II. 63 

Hackensack meadows, how they may be 

reclaimed, I. 434 
Hair of the head, care of, I. 389 
Hair-pickers, II. 46 
Hair-picking, II. 421 
Hairy men or women, I. 393 
Half-bath, 1. 373 
Half flush-gate or valve, I. 474 
Hall of Representatives at Washington, 

ventilation of, I. 726 
Hamburgh, Germany, water-supply of, I. 

266 

Hamilton's method of ventilating a closed 

room, I. 775 
Hamilton, Dr. A. McL., on small-pox and 
! other contagious diseases, II. 515 
Hammock of the sailor, II. 215 
Hammond's experiments with alcohol, I. 

173 

Hands, care of, I. 387 
Hang-nails, I. 388 
Hardness of water, I. 216 

cause of, I. 283 

tests for, I. 398 ; II. 202 

Hare- lip, influence of, upon nursing, I. 82 
Hatters, II. 48 
Head-cleaners, II. 26 

Head, definition of term in filtration, I 
371 

Health boards, judicial powers of, I. 50 

officer, qualifications and duties of, I. 

54 

Heart, irritable, I. 339 

Heat, application of, in asphyxia or de- 
bility of the newly-born, I. 76 
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Heat, eflEects of, upon virus of different 
diseases, II. 552 

exhaustion among engineers of steam- 
ers, II. 188 

of composition, I. 649 

sources of, I. 044 

specific, I. 65;> 

Heating and ventilation, I. 671 

apparatus, I. (582 

by steam, I. (598 

by water, I. 701 

direct and indirect, I. 691 

Hemp operatives, II. 40 

.spinners, II. 41 

Hennig's egg drink for infants, I. 119 

Herbert, Edward, experience of, with re- 
gard to fire-damp explosions, II. 237 

Herbert General Hospital, I. 750 

Herrick on inland quarantine, II. 499 

Hides, storing of, II. 414 

High altitudes, climate of, I. 669 

Hirt's tables showing efiCects of occupation 
on health, II. 71 

Histogenetic food, I. 146 

Hog yards, II. 399 

Holden's process of purifying sewage, I. 
530 

siren pneumatometer, I. 355 

Honey, adulterations of, II. 365 
Hoofs and horns as a source of nuisance, 
II. 414 

Hope, George T. , on sanitary work done at 

Bay Ridge, II. 589 
Hoppe-Seyler's method of x)reparing casein, 

I. 151 

Hopper closet, of stoneware, I. 504 
Horse-radish, adulterations of, II. 365 
Horses, keeping of , II. 391 
Hospital construction, general principles of , 

I. 737 
tent, II. 97 

Hospitals in the merchant marine, II. 224 

location of, I. 738 

of camp, organization of, II. 159 

Hostlers, II. 28 

Hot bath, temperature of, I. 374 

House-drain ventilator of Rand, I. 490 

House-drainage, I. 482 

House -diains, a source of ground contami- 
nation, I. 448 

Household filters, I. 276 

House-pipes and traps, how to examine 
them, I. 506 



House-traps, I. 494 

Huddersfield, combined sewer-pipe and 

subsoil-pipe of, I. 419 
Humus, I. 426 
Husson's windows, I. 774 
Huts, Crimean, II. 105 
of the Army of the Potomac, II. 

104 

Hydrocarbons, I. 157 

Hydrochloric acid, disinfecting powers of, 
II. 561 

fumes of, II. 12 

Hydrofluoric acid, fumes of, II. 12 
Hydrogen peroxide, use of, as a disinfect- 
ant, II. 558 
Hydrophobia, II. 463 
Hygiene, definition of the term, I. 3 
Hygienic government of camps, II. 109 
Hygrometers of Daniell and Regnault, I. 
652 

Hygroscopic water, determination of its 
amount in the soil, I. 439 

power of the soil to retain it. I. 440 

Hylophagi, I. 184 

Hypouitric acid, fumes of, II. 12 

IcK and snow, removal of, from streets, I. 
561 

Ice, impure, I. 290 
Ichthyophagi, I. 184 

Illegitimacy, influence of, upon infantile 

mortality, II. 294 
Impurities of water, use of term, I. 218 
Inanition, researches upon, I. 196 
Incrustation of steam-boilers, I. 210, 286 
India-rubber works, II. 22 
Indian-corn starch, I. 161 
Indian marquee, 11. 100 
Indirect aliment, I. 166 
Infancy, principal diseases of, II. 272 
Infant feeding, I. 89 
Infant hygiene, I. 75 
Infant mortality, II. 269 
in New York, diminution in, through 

the efforts of the Board of Health, II. 

575 

Infective diseases, I. 14 
Inland quarantine. II. 499 
Inlet syphon-trap, I. 494 
Inogen, I. 334 
Inorganic food, I. 167 

salts in water, II. 122 

Inosite, I. 164 
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Interment in cities, pernicious effects cf, 
I. 540 j 
Interments, pollution of the soil by, I. 538 
Intestinal digestion. I. 12G i 
Intramural interments, prohibition of in | 
Europe, I. 540 | 
Inverts of sewers, I. 467 ' 
Iodide of potassium in breast-milk, I. 99 ' 
Iodine, use of , as a disinfectant, II. 55G 
Iron, chloride of, II. 5(i2 j 

m breast-milk, I. 98 

Iron-puddlers, II. 58 | 
Iron salts, as disinfectants, II. 562 j 

in combination with carbolic acid, II. i 

560 

Iron, sulphate of, in bilgy ships, II. 200 
Irrigation, disposal of sewage by, I. 533 
Irritable heart, I. 339 

Irvington Neighbors, a sanitary associa- 
tion, II. 592 
Isolating wards, I. 765 

Jacobi, on infant hygiene, I. 73 

J ahn, the father of modern gymnastics, I. 

348 

Javelle water, II. 556 

Jenkin's mode of examining house-drain- 
age appliances, I. 508 
Jennings' access pipe, I. 469 

air-bricks, I. 774 

all-earthen closet, I. 504, 762 

latrines, I. 505 

Jewelers, nature of their occupation, II. 
13 

Jewelry manufacture, II. 442 
Jewish method of killing beeves, II. 403 
Johnston's fluid beef, I. 190 
Journals of public health, list of, I. 64 ; II. 
583 

Junction block, I.. 484 

Junctions, curved and double-curved, I. 

483, 484 
Junctions of sewer-pipes, 1, 471 
Junk dealing, II. 422 
Jurisprudence of hygiene, I. 34 

KiNDERGAETEN for young children, I. 140 
King's College Hospital, I. 743 
Kirkwood, J. P., on filtration of river 

water, I. 268 
Kitchen garbage, removal of, I. 566 
Kitchen refuse, disposal of, II. 418 
Knackeries, II. 410 



Labauraque's. solution of chloride of soda, 
II. 556 

Lactation, influence of menstruation upon, 

I. 96 ' 

Lactic acid as an indirect aliment, I. 109 
Lactine, I. 163 

Lactometer of the New York Board of 

Health, IL 366 

used in Orange County, II. 367 

Lakes as a source of water-supply, I. 234 

liable to vegetable growths, I. 235 

Lamp-holes, I. 471 
Landsmen, 11. 184 
Lapidaries. II. 61 
Lard, adulterations of, II. 365 

refiners, II. 36 

refining, II. 428 

Lariboissiere Hospital, I. 757 

Latham's charcoal sewer-ventilator, I. 480, 

489 

disinfecting tray for ventilating-pipes, 

II. 457 

Latitude, efEect of, upon climate, I. 659 
La Trappe monks, efforts to render the 

Roman Campagna healthy, I. 423 
Latrines of Jennings, I. 505 
Laundresses, II. 58 
Lavatoi-y for hospital ward, I. 763 
Lavatories in camps, II. 117 
Lavatorium, I. 374 

Laws relating to boards of health, I. 55 
Laws with regard to poisonous clothing, L 

382 

Lawyers, II. 65 

Lead-colic among lead-miners, II. 257 

for service-pipes, I. 289 

Lead in breast-milk, I. 99 

mines, workmen in, II. 49 

poisoning, prevention of, II. 49 

preparations, manufacture of, II. 48 

salts for disinfecting purposes, II. 565 

Leaping as an exercise, I. 344 
Leather-dressers, II. 26 

dressing, II. 432 

Legislation, sanitary, reports of, I. 67 
Legumin, I. 152 

Lemon-juice, use of, in treatment of scur- 
vy, II. 220 
Lennox, Mass., .subsoil irrigation at, I. 571 
Letheby, Dr.. statistics with reference to 

hard and soft water, I. 216 
Letterman, Dr., on organization of army 
hospital service, II. 164 
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Library for village sanitary association, II. 

582 

Lidded sewer-pipe, I. 409 
Liebig's food for infants, I. 12G 
view of the propagation of putrefac- 
tion, II. 549 
Liernur pneumatic system, I. 523 
Life-tables, construction of, II. 318 
Lignin, I. 165 
Limbers, II. 179 

Lime and its compounds, use of, for disin- 
fecting purposes, II. 5G6 

Lime-burners, II. 36 

burning, II. 448 

Lime-juice in scurvy, II. 221 

Lime process of purifying sewage, I. 529 

Limestone rocks, I. 426 

Lime, superpliosphate of, II. 440 

Lincoln, on school hygiene, II. 597 

on the atmosphere, I. 601 

Lindsay, W. S. , description of forecastle. 
II. 182 

Linen and cotton, chemical differences, II. 
212 

Linen, microscopic appearances of, II. 
211 

Liquid water, power of the soil to retain 
it, I. 440 

Liquids, specific heat of, I. 655 

Lister's method of preventing blood-poi- 
soning after surgical operations, I. 25 

Literary men, II. 66 

Lithographers, II. 38 

Liver sugar, I. 163 

Living animals, keeping of, II. 391 

Lock-jaw, from indiscreet corn-cutting, I. 
387 

Lockwood and Everett's tank for rendering 

fat, II. 424 
Log-hut, of the Army of the Potomac, II. 

104 

London Hospital, I. 751 
London water-supply, I. 215 
Longevity, II. 342 

Loring on near-sightedness of school chil- 
dren, II. 607 

Lots, vacant, defilement of, I. 560 

Louisiana, towns of, affected by yellow 
fever, II. 501 

Lowell, Mass., water-supply of, I. 245 

Lumbermen, II. 08 

Lungs, effects of different kinds of dust 
upon, II. 29 



' Lymnophj'salis hyalina, I. 20 

I Lynn, Mass., polluted wells in, I. 243 

. Macadamized roadways, I. 553 
I Machinists, II. 66 

' Mackinwell's plan of ventilation, I. 776 
Made ground, cautions with regard to, I. 
573 

deep drainage of, I. 417 

Main-hold, II. 178 
; Mai des bassines, II. 45 
Malaria, I. 575 
origin of, II. 91 

I speculations with regard to its nature, 

I. 408 

Malarial fevers, II. 145 
' Malformations of the mouth, influence of, 

upon nursing, I. 82 
! Malic acid, as an indirect aliment, I. 170 
I Malt liquors, I. 176 

Malta, ground plan of hospital at, I. 741 

Manganese, II. 562 

' salts, for disinfecting purposes, II. 

! 564 

j Man-hole for pipe-sewers, I. 471, 479 
I Mausergh's ventilating trap, I. 497 
I Mantelofen, I. 696 

Manufacturing refuse as a source of poUu- 
I tion of water, I. 228 
I Manure, disposal of, in cities, II. 411 

j proper disposal of, II. 395 

I Marching of troops, II. 154 

I Maremma, Tuscan, unhealthiuess of, I. 

I 435 

Mare's milk, analysis of, I. 106 
Margarin, I. 158 

Market-houses, cleansing of, I. 564 
Marls, I. 427 
Marquee, Indian, II. 100 
I Marriage, influence of, upon mortality, II. 
323 

I Marshy districts, the haunts of malaria, I. 
I 435 

j Masons, II. 56 

I Match-makers, II. 20 

Mate, or Paraguay tea, I. 180 

Matrasses, materials ordinarily used for, I. 
383 

Measles, II, 533 
Meat broths, I. 117 

, good and bad, II 369 

Megabacteria I. 17 
Megacoccus, I. 17 
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Melaeiia of the uew-born, I. 7"> 
Menses in girls who are attending school, 
II. G33 

Menstruation, influence of, upon lactation, 
I. 96 

Mental application, proper amount of, for 

different individuals, I. 615 
Mercurial fumes, injurious effects of, II. 

17 

Mercury compounds for disinfecting pur- 
poses, II. 566 

Mercury in breast- milk, I. 09 

Merrimack river, Mass. , chemical examina- 
tion of, I. 233 

Mesobacteria, I. 17 

Mesococcus, I. 17 

Metal mines, hygiene of, II. 253 

Metallurgical works, sanitary management 
of, II. 203 

Metallic salts as disinfectants, II. 561 

Metals, wet method of refining, II. 13 

Meters for preventing waste of water, I. 
214 

Miasmatic contagious diseases, I. 20 
Miasmatic diseases, I. 15 
Miasmatico contagium diseases, I. 15 
Microbacteria, I. 17 
Micrococcus, I. 10 
Microdemes, I. 16 
Microphytes, I. 16 

Microscopical examination of water, I. 293 

Microzymes, I. 10 

Mihan's tower-ventilator, I. 684 

Milan, .sewage farms near, I. 537 

Milhau, Dr. J. J., report of, in connection 
with snow-water, II. 132 

Military hygiene, II. 82 

Milk, adulterations of, II. 366 

as a prophylactic against lead- poison- 
ing, II. 50 

from one cow, I 107 

sugar of, I. 163 

Milker's cramp, I. 337 

Millers, II. 39 

Milzbraud, 1. 19 

Mineral constituents of the soil, I. 426 
Miner's nystagmus, I. 337 
Mirror-makers, II. 18 . 
Mississippi, towns of, affected by yellow 

fever, II. 502 
Mixed diet, necessity of, I. 183 
Mixed nuisance, definition of, I. 40 
i\Ioisture, amount of, in soil, I. 410 



Molasses, adulterations of, TI. 371 
Molesworth trap, I. 480 
Monoblastic theory of diseases, I. 26 
Morbility, II. 345 

Mortality, methods of statement, II. 316 
Mother's milk, substitutes for, I. 100 
Moulds for castings, manufacture of, II. 

38 

Moule's earth-closet system, I. 510 

Mountain fever, II. 129, 132 

Mouth, care of, I. 388 

Muguet, I. 83 

Muscle, growth of, I. 335 

Muscle sugar, I. 104 

Muscular action, local phenomena of, 1. 317 

power, source of, I. 332 

Musicians (wind instruments), II. 03 
Mustard, adulterations of, II. 365 
Myosin, I. 150 

Nationality, influence of, upon fecun- 
dity, II. 315 

influence of, upon mortality, II. 335 

Natural filtration, water obtained by, I. 

248 

Naval hygiene, II. 177 

service, examination of candidates 

for, II. 185 
Navy ration, I. 194 ; II. 204 
histogenetic and therraogenetic values 

of, II. 208 

Near-sightedness in school children, II. 005 

Necker Hospital, I. 752 

Needle-bath, I. 373 

Needle-makers, II. 33 

Nervous system, development of, in the 

child, I. 139 

effects of exercise upon, I. 324 

Nessler's reagent, II. 125 

Nessler's test for oi-ganie matter in the air, 

11. 194 
Neurasthenia, II. (121 
Newly-born infant, examination of, I. 81 

hygienic care of, I. 75 

New Orleans, yellow fever at, in 1878, II. 

501 

Newport, sanitary association of, II. 583 

New York Health Board's rules about man- 
agement of infants, I. 133 

Nichols, Arthur H. , on proper temperature 
of living rooms, I. 081 

Nichols, W. K. , on composition of sewer- 
air, I. 453 
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Nichols, W. R. . on drinking-water and pub- 
lic water-snpplies, I. 211 

Nightingale, on proper location of water- 
closets and lavatorj^ I. 760 

Night-soil, disposal of, II. 412 

Nipples of the newly-born, 1. 84 ! 

Nitrate of lead an efficient disinfectant in j 
bilgy ships, II. 200 j 

Nitrates and nitrites, presence of in water, j 
II. 121 i 

Nitrates, qualitative test for, I. 298 i 

Sprengel's test for, II. 126 j 

Nitric acid, disinfecting powers of, II. 501 

f limes of, II. 12 

presence of, in the air. I. 630 

use of, for disinfecting ijurposes, II. 

558 

Nitrogen dioxide, evolution of, for disin- 
fecting purposes, II. 200 

Nitrogen gas, in coal-mines, II. 244 

Nitrogen in the air, I. 009 

Nitrogenous principles of food, I. 148 

Nitrous fumes, for disinfecting purposes, 
II. 558 

injurious effects of, upon human 

health, II. 443 
Nodnlaria, in pond waters, I. 238 
Nolan, Capt. , noteworthy march of, II. 159 
Nomenclature of diseases, II. 311 
Nostochinete in sources of water-supply, I. 

237 

Nuisance, definition of the term, II. 381 
Nuisances, public and private, distinction 

between, I. 40 
Nurse -room, in connection with hospital 

ward, I. 763 
Nursing, as a business, II. 298 
Nursing babies, rules for management of, 

I. 132, 133 
Nursing-bottles, I. 130 

0.\TMEAL, characteristics of a good qual- 
ity, II. 370 

in diet of children, I. 121 

Oat-starch, I. 161 

Occupation, influence of, upon mortality, 

II. 324 

Occupations, injurious, classification of, II. 
10 

Ocean currents, effects of, upon climate, 
I. 661 

Odorless excavating apparatus, I. 518 
Oedogonium, figure of a species of, I. 236 



Offal, disposal of, II. 412 
Officer of the day, II. 110 
Officers' wall-teat, II. 98 
Oidium albicans. I. 83 

lactis, I. 83 

OU-pressers, II. 26 

Oils, as a source of nuisance, II. 415 

storage of, a source of danger by fire, 

II. 417 

Oleaginous principles of food, I. 157 
Olein, I. 158 

Operating-rooms, in hospitals, I. 766 
Opercular or lidded sewer-pipe, I. 469 
Opium, I. 183 

in breast-milk. I. 98 

Orange County lactometer, II. 307 
Organic indirect aliment, I. 169 
Organic matter, definition of, I. 299 
determination of its amount in the 

soil, I. 439 

in the air, tests for, II. 194 

in water, determination of, I. 299 

Organic matters in the soil, I. 427 
Organic substances, tests for, in water, II. 

124 

Orlop deck, II. 178 

Osmazom, I. 189 

Outfit, naval. II. 210 

Outhouses, disinfection of, II. 568 

Out-patient department of hospital, I. 767 

Overcrowdiog, effects of, I. 642 

effects of, upon infantile mortality, 

II. 29() 

Over-exertion, results of, I. 335 
Over-training, I. 361 

Oxidation as a means of self -purification 
of water, I. 232 

Oxygen, efficacy of, for disinfecting pur- 
poses, II. 557 

in the atmosphere, I. 602 

method for determining, in water, I. 

295 

solubility of, in water, I. 295 

transfer of, to the system, I. 622 

Ozone, or allotropic oxygen, I. 606 

disinfecting properties of, II. 557 

Ozonometer, Houzeau's, I. 608 

Packing of the water-cure establishments, 

I. 375 
Pffiderasty, II. 53 
Pail system, I. 516 
Painters, II. 49 
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Palmatin, I. 158 

Palmellffi in connection with malarial fe- 
vers, II. 145 

Pau-closets, ordinary form, 1. 503 

Pankration, I. 344 

Papers, jJoisouous, II. 375 

Paraffine, employment of, for detection of 
leaks in drain-pipes, I. 508 

Parapeptones, I. 153 

Parasitic diseases, I. 15 

Paris artesian wells, I. 257, 258 

basin, geological section of, I. 258 

green, in lozenge wrappers, II. 363 

Parkes' experiments with regard to the 
elimination of urea, I. 329 

Paroxysmal fevers, I. 575 

Patente de sante, II. 483 

Patients, proper number of, in a hospital 
ward, I. 757 

Pavements of streets, I. 552 

Pavilion system of constructing hospitals, 
I. 741 

Pavy. experiments of. upon the pedestrian 

Weston, I. 331 
Pea-jackets for sailors, II. 212 
Pectin, I. 165 

Pecuniary loss from preventable sicliness 

and mortality, I. 6 
Pellagra, I. 201 j 
Pentathlon, I. 343 j 
Pepper, adulterations of , II. 370 
Peppermint, oil of, as a means of detect- j 
ing leaks in drain-pipes, I. 508 j 
Peptone, I. 152 I 
Perchloride of iron, precipitation of sew- 
age by, I. 531 
Perflation, ventilation by, I. 772 
Perin, Dr., on the army ration, II. 137 
Periodic returns in malarial disease, ex- 
planation of, II. 147 
Perry. 1. 177 

Person, care of the, I. 369 

Pettenkofer and Buhl, " ground- water 

theory" of, I. 581 
Pettenkofer, investigations of, with regard 

to conditions of the soil, I. 412 



Philbrick's annular ventilating tube, I. 502 

grease tank, I. 493 

Phosphate process of treating sewage, I. 
531 

Phosphorus fumes, injurious effects of, II. 
20 

presence of, in the air, I. G29 

Photographers, II. 24 

Phthisis among dust-workers, II. 30 

beneficial effects of high altitudes in, 

I. 669 

Phthisic cotonneuse, II. 40 
Physical exercise, I. 317 
Physicians, II. 59 
Pianist's cramp, I. 337 
Pickles, presence of copper in, II. 370 
Picric acid, antiseptic properties of, II. 
561 

use of, in manufacture of artificial 

flowers, II. 47 
Pigs, keeping of, II. 398 

killing of, II. 407 

Pig-pens, nuisance of, in villages, I. 572 
Pillows, I. 384 
Pinole, II. 140 
Pin-pointers, II. 33 

Pipes, different kinds for house-drainage, 
I. 482 

for waste-water. I. 492 

Piscinae limariie, I. 265 

Plaster burners, II. 36 

— — burning, II. 448 

Plenum system of ventilation, I. 712 

Plymouth Chemical Works, condensing 

apisaratus of, II. 446 
Pneumatic system of removing excreta, I. 

518 

system (Liernur's'l of removing ex- 
creta, I. 523 
Pneumatometer, Holden's, I. 355 
Pneumo-enteritis, infectious, I. 19 
Pneumonia and sewer-emanations, I. 589 

due to inhalation of cotton-dust, II. 

40 

from inhalation of cotton-dust, II. 31 

Pneumouoconiosis, II. 32 



Pettenkofer's experiment to show porosity I Poisoning of the skin from hired bathm-- 

of soils, I. 401 
formula, I. 26 

method of ascertaining the amount of 

carbon dioxide in the air, II. 193 
Philadelphia Obstetrical Society's rules for 

management of children, I. 132 



clothes, I. 382 
Poisonous clothing, laws with regard to, I. 
382 

Police power as applied to sanitary mat- 
ters, I. 37 

Pollution of drinking water, I. 218 et seq. 
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Pollution of ground-air, how to prevent 

it, I. 406 

of streams?, I. 228 

of the soil, I. 445 

of the soil by interments, I. 538 

Ponds as a source of water-supply, I. 

234 

liable to vegetable growths, I. 235 

Pontine marshes, efforts to reclaim them, 

I. 421 

Porcelain-lined soil-pipes, I. 499 
Porcelain, manufacture of, II. 36 
Poren-Veutilation of Bcharrath, I. 674 
Pork-packers, II. 26 
Pork-packing, II. 432 
Porosity of soils, I. 401 

method of determining it, I. 440 

Portable earth commode, I. 510 
Portland cement, manufacture of, II. 36 
Portland, Me., city of, II. 89 
Portsmouth hospital, I. 744 
Potash and soda salts in water, II. 121 
Potassic phosphate acid, in food. I. 168 
Potassium bichromate, manufacture of, 

II. 17 

iodide in breast-milk, I. 99 

permanganate, as a disinfectant, II. 

564 

Potato starch, I. 160 

Potatoes, preservation of, for long voyages, 

II. 206 
Potteries, II. 441 
Potter's asthma, II. 36 
Pottery, manufacture of, II. 36 
Potton's disease, II. 45 
Poultry, keeping of, II. 400 

the killing of, II. 408 

Poughkeepsie, water-supply of, I. 269 
Poyet's plan of a hospital, I. 751 
Pratique, free, II. 475 
Precipitation, treatment of sewage by, I. 

529 

Preserved fruits, adulterations of, II. 370 
Pressmen, II. 64 

Preventable diseases, loss to a community 
from, I. 6 

Previous sewage contamination, terra ex- 
plained, I. 297 
Printers, II. 64 

Private nuisance, definition of, I. 40 
Privies, a source of ground contamination, 
I. 449 

nuisance of, in villages, I. 568, 570 



I Privies, proper arrangement of, in school- 
houses, II. 604 
Privy vaults, I. 516 ; II. 456 

objections to, 1. 522 

Privy-wells and cesspools, disinfection of, 

I. 597 
Prize-fighters, II. 03 

I Probabilities, mathematics of, I. 32 

Processes, offensive, II. 390 

Professional muscular atrophy, I. 337 
! Propulsion, ventilation by, I. 778 

Prostitutes, II. 54, 461 

Proteid food, uses of, I. 153 

Proteids, I. 148 

Prout's classification of food, I. 147, 148 
Psychrometer, I. 052 

Pterygium among workers in alkaline dust, 

II. 32 

Public baths, I. 378 

Public nuisance, definition of the term, 

I. 40 ; II. 382 
Public nuisances, II. 381 
Pulsion, ventilation by, I. 712 
Pyrrhica, I. 342 

Quarantine, definition of the term, II. 
474 

in the middle ages, II. 473 

prevalence of yellow-fever dependent 

upon enforcement of, II. 505 
Quarrymen, II. 68 

Quick-lime, for disinfecting purposes, II. 
566 

Quinine, germicidal action of, II. 147 

manufacture of the sulphate of, II. 

15 

Radiation of heat, I. 647 

Radiator, Folsom's, I. 768 

Rag-pickers, II. 28 
j Rags, handling of, II. 417 
I Railroad-cars, ventilation of, I. 728 
! Railroad employes, II. 66 

Rain, a purifier of the air, I. 634 

how produced. I. 651 

! Rainfall in different places, I. 6()2 
1 Rain-water as a source of water-supply, I. 
224 

chemical examination of, I. 225 

storage of, I. 225 

cisterns in Venice, I. 226 

pipes, ventilation of sewers by, I. 477 

Ramazzini, on diseases of workmen, 11. 5 



650 



INDEX. 



Rand's house-drain ventilator, I. 490 
Ransom, Dr. W. H., experiments on disin- 
fection of clothing, II. 552 
Ranula, I. 83 

Ration, in the U. S. Ai'iuy, II. 185, 204 ! 
recommended by Drs. McParlin and 

Perin, II. 138 

for army and navy, 1. 194 

Rawlinson's plan of ventilating sewers, I. 

479 

Raymond, on the hygiene of metal mines, 
II. 253 

Refining of metals, II. 441 
Registration, II. 304 

uniform system of, urgently needed 

in the United States, I. 10. 
Reid's ventilating cowl, I. 779 
Relapsing fever, transportation of its 

germs by ship.s, II. 221 
Reservoirs, impounding, I. 238 

vegetable growths in, I. 235 

Respiration of newly-born infant, care of, 

I. 75 

Respirators, II. 34 

Respiratory system, diseases of, among in- 
fants, II. 278 

Results of water analysis, mode of ex- 
pressing, I. 293 

interpretation of, I. 304 

Retentive strata, II. 93 

surfaces, II. 93 

Reversible blowing-fan, II. 199 

Reynolds' man-hole and trough, I. 487 

Rhachitis, causes of, I. Ill 

Rice starch, I. 161 

Rivers, as a source of water-supply, I. 227 

navigable, injury to, from accumula- 
tion of sewage, I. 527 

Rivers Pollution Commission, examination 
of rain-water, I. 225 

experiments on self -purification of 

water. I. 230 

report on condition of English rivers, 

I. 228 

Rivers, pollution of, I. 228 
Roads, public, protection of, from surface 

defilement, I. 568 
Rochdale system of removing excreta, I. 

517 

Rocks, granitic, metamorphic, and trap, I. 
42G 

limestone, and magnesiau limestone, 

I. 420 



Roofers, II. G8 

Rooms, disinfection of, with sulphurous 

acid, 11. 554 
Roots of trees, entrance of, into sewer- 
! joints, I. 408 

Roughing it, healthfulness of, II. 173 
Rowing, as an exercise, I. 352 
Roy, Andrew, on poisonous gases of mines, 
II. 230 

Royal Free Hospital, I. 751 
Rum, adulterations of, II. 370 
Rumsey, of Cheltenham, on disadvantages 

of covered corridors, I. 755 
Running, as an exercise, I. 343 
Russian bath, I. 374 
stove, I. 692 

Saccharine principles, I. 160 
Saddle-piece of sewer-pipe, I. 469 
Sago, adulterations of, II. 370 
Sailing-vessels more liable than steamers 
to yellow-fever infection, II. 484 

purification of, II. 491 

Sailors, classification of, II. 184 
Salesmen and saleswomen, .II 65 
Salisbury, on the cause of malarial disease, 
II. 145 

Salt, importance of, as an article of diet, 

I. 167 

Salt water, injurious effects of, upon the 
ear, I. 393 

baths, artificial, I. 377 

Sand-blast, II. 37 

dust from, a nuisance to neighboring 

establishments, II. 420 
Sand-filters, I. 209 
Sands, I. 427 
Sandstones, I. 427 

Sandy soils occasionally malarious, I. 437 
Sanitation, influence of, upon mortality, 

II. 339 

Sanitary anministration, unit of area for, 
I. 44 

board, duties and powers of, I. 45 

■ boards in villages, I. 509 

examination of deep wells, I. 307 

examination of ground water, I. 304 

examination of surface waters, I. 308 

Scarlatina latens, II. .528 

simplex and anginosa, II. 528 

Scarlet fever, II. 527 

a prolific cause of death among chil- 
dren, II. 276 
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Scarlet fever, spread of, through sewer-air, 
I. 590 

second attack of. IT. 529 

Scavengers, II. 27 
Schizoniycetes, I. 10 

School-house, proper construction of, II. 
598 

selection of site for, II. 597 

School-houses, drainage of site, II. 604 

heating and ventilation of, II. 599 

School hygiene, II. 597 

bibliography of, II. G25 

School-rooms, proper lighting of, II. 611 
Schooling, age of, I. 138 
Schiitzenberger's method of determining 

dissolved oxygen, I. 293 
Scott'.s process of treating sewage, I. 531 
Scrivener's palsy, I. 337 
Scrofulous disease, among infants, II. 279 
Scurvy, II. 143 

among sailors, II. 220 

Sea-bathing, its effects, I. 376 

precautions in, I. 370 

Sea, discharge of sewage into, I. 528 
Seamen, in the technical sense, II. 184 
Seamstresses, II. 61 
Sea-sickness, cause of, II. 187 
Seats and desks in schools, II. 614 
Seborrhoea, I. 392 
Sedentary life, II. 65 
Sedimentation, I. 264, 265 
Segmental stoneware sewer, I. 470 
Seine, pollution of, I. 295 
Self-purification of water, I. 330 
Septiccemia due to microphytes, 1. 35 
Serum-albumen, I. 149 
Sewage, composition of, 1. 461 

disposal of, I. 526 

effect on drinking-water, I. 220 

purification of, I. 529 

irrigation, I. 533 

works of Dantzic, plan of, I. 419 

Sewer-air, effect of, upon workmen, I. 586 

and drain combined, I. 419 

gas in the air, I. 636 

openings, II. 458 

water, results of examinations of, I. 

453 

Sewers, air of, I. 452 

, . construction of, I. 464 

. flushing of, I. 473 

. necessity of, in large towns, I. 460 

objections to. I. 520 



Sewers, sectional forms of, I. 466 

ventilation of, 1. 475 

Sewing-machines, inflvxeuce of , upon health 

of women, II. 61 
Shade, excessive, II. 577 
— — trees near houses, I. 444 
Sharpies on adulteration of food, II. 351 
Sheafer on hygiene of coal mines, II. 329 
Sheep, keeping of, II. 399 

slaughtering of, II. 408 

Sheep's milk, analysis of, I. 106 

Sheets, I. 384 

Shell-burning, II. 434 

Shelter-tent of lihe United States army, II. 

103 

Sherringham ventilator, I. 774 
Ship fever and quarantine, II. 494 
Ship, names of its different parts, II. 178 
Ship's lungs of Uales, II. 199 
Ships, ventilation of, II. 199 
Shoemakers, II. 64 
Shoes, I. 385 

Shoots for soiled clothing, I. 755 

Shower-bath, I. 373 

Sibley tent, II. 99 

Siderosis, II. 32 

Silicated carbon filter, I. 379 

Silk, chemical peculiarities of, II. 213 

microscopic appearances of, II. 211 

operatives, II. 45 

Sillar process of purifying sewage, I. 530 
Silversmiths, nature of their occupation, 

II. 13 
Singers, public, II. 63 
Sinks and waste-water pipes, I. 493 
Sink-traps, I. 494 
Sinks, disinfection of, II. 567 

position of, in camps, II. 113 

Site, selection of, for house, I. 441 

of camps, II. 90 

Sitz-bath, I. 373 

Skin, anatomy and physiology of, I. 369 
Slaughter-house, plan of, II. 406 
Slops, form of sink for, I. 763 
Small-pox, II. 515 

and quarantine, II. 495 

cost of, to the city of Philadelphia in 

1871-'73, I. 8 

deaths from, among infants, II. 377 

duration of eruptive stage, II. 515 

management of cases, II. 531 

on shipboard, II. 331 

period of incubation in, II. 515 
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Small-pox, questiou of contagion, II. 518 
resemblance of, to other eruptive dis- 
orders, II. 515 
Smart, on hygiene of camps, II. 79 
Smelters, II. 23 
Smelting, II. 441 

Smith, Andrew H. , investigations with re- 
gard to caisson disease, II. 09 

Smith, J. L., on infantile diarrhoeal dis- 
ease, II. 289 

Smith's experiments with alcohol, I. 173 

street-sweeping and loading machine, 

I. 560 

two-horse side-sweeper, 1. 559 

Smoke as a nni.sance, II. 464 

consumer.s, II. 466 

Smoky chimneys, I. 685 

Snow, Dr., on small-pox, II. 517 

removal of, from streets, I. 561 

water, character of, II. 132 

Snuff-makers, II. 42 

Soap-makers, II. 26 

making, II. 428 

Soaps, proper kinds to use, I. 371 

Soapstone furnace, I. 693 

Soda factories, II. 15 

manufacture of, II. 440 

Sodic chloride, I. 167 

phosphate, alkaline, in food, I. 168 

Sodium chloride, importance of, as an in- 
gredient of the infant's food, I. 115 

Softening of water, I. 283 

Soil and water, I. 399 

Soil, conditions of, affecting health, I. 399 

constituents of, I. 400 

effect of its composition upon tem- 
perature, I. 663 

drainage of, I. 416 

examination of, I. 437 

pollution of, I. 445 

pollution of, by interments, I. 538 

pollution of, by surface defilement, I 

549 

solid constituents of, I. 425 

temperature of, influenced by drain- 
age, I. 434 

moisture in connection with the eti- 
ology of disease, I. 412 

Soils considered in relation to heat, light, 
malaria, etc., I. 432 

porosity of, I. 401 

specific heat of, I. 654 

Solid constituents of the soil, I. 425 



Soltmann's nursing-bottle, I. 131 
Solution illustrated, I. 264 
Soups, I. 189 

Space, superficial and cubic, per patient in 

hospital wards, I. 757 
Spalipilze, 1. 16 

Spanish or Texas cattle fever, I. 20 
Spar-deck, II. 178 
Spasmodic ergotism, I. 200 
Speakers, public, II. ()3 
Specific heat, I. 653 

Spectroscopic test for carbonic oxide. I. 
«25 

Spices, adulterations of, 11. 371 
Spinal irritation and neurasthenia, II. 621 
Spinning- rooms, high temperature of, II. 
41 

Spiral tray, Latham's, I. 481 

SpirochfEte Obermeieri, of Cohn, I. 20 

Spirogyra, figure of species of, I. 236 

Splenic fever, I. 19 

Sponge-bath, I. 372 

Sponge, used for water-filters, I. 276 

Spongy-iron filter, I. 279 

Sprengel's test for nitrates, II. 126 

Spring matrasses, I. 384 

Springs as a source of water-supply, I. 263 

at Saratoga, N. Y., 1. 262 

formation of, I. 262 

in general, I. 261 

Sprinkling of streets, I. 562 
Stables, disinfection of, II. 568 

sanitary condition of, II. 392 

Stagnant pools, how to disinfect them, II. 
567 

Staircases, fire-proof, in school-houses, II. 
599 

in hospitals, I. 754 

St. Antoine hospital in Paris. I. 744 
Starch, proportion of, in different grains, 

I. 162 
Starches, I. 160 

State boards of health, functions of, I. 55 

medicine, I. 40 

Steam-boilers, incrustation of, I. 216 
Steam, heating by, I. 698 
Steamers less liable to yellow fever infec- 
tion than sailing-vessels, II. 484 
Steam-whistles, II. 468 
Stearin, I. 158 

Stimulating enemata, in asphyxia or de- 
bility of the newly-born. I. 76 
St. Louis, water-supply of, I, 266, 268 



INDEX. 



653 



St. Luke's Hospital, ventilation of, by 

means of a chapel, I. 777 
Stockbridge's theory of the origin of dew, 

I. 652 
Stokers, II. 57 
Stonecutters, II. 3G 
Stcjneware sewer, segmental, I. 470 
Stories or floors, number of, in hospitals, 

I. 751 

Storm-overflows, I. 4G3 
Stoves and furnaces, I. 691 
Stoves, ventilating power of, I. 695 
Stothert's process of purifying sewage, I. 
581 

Strain, mental, II. 618 
Straw-hat makers, II. 14 
Streams, self -purification of, I. 230 
Street-cleaning, I. 557 
Street gullies and traps, I. 473 
Street gutters, II. 458 
Street-music, II. 423 
Street-pavements, I. 552 
Street-sprinkling, I. 563 
Street-sweepers, II. 46 
Street-sweeping, II. 431 

machines, I. 558 

Street- vending, II. 423 

Street-washings, manurial value of, I. 463 

Streets and public places, disinfection of, 

II. 567 

Stuffs, comparative value of, for clothing, 
I. 379 

Sturgis, on syphilis, II. 539 
Subbotiu's experiments with alcotol, I. 
173 

Subcutaneous injections of brandy, in as- 
phyxia or debility of the newly-born, I. 
76 

Substitutes (animal) for milk, I. 117 

(vegetable) for breast-milk, I. 119 

Subsistence diet, II. 135 
Subsoil drainage in connection with irri- 
gation, I. 533. 

drainage of, I. 417 

Sugar, adulterations of, II. 370 

refiners, II. 27 

refining, II. 437 

Sugars, I. 163 

Sulphates of iron and zinc, use of, for dis- 
infecting purposes, I. 564 

Sulphur compounds, presence of, in the 
air, I. 629 

Sulphur for disinfecting purposes, II. 200 



Sulphuretted hydrogen, injurious effects 
of, 11. 17 

Sulphuric acid, disinfecting powers of, II. 
561 

fumes of, effects upon vegetation, II. 

443 

Sulphurous acid, fumes of, II. 13 

use of, as a disinfectant, II. 553 

Summer heat, influence of, upon diarrhoeal 

mortality, II. 287 
Sun-bath, in connection with hospital 

ward, I. 764 
Sunlight, effects of deprivation of, II. 233 
Sunstroke, in army of the Potomac, II. 157 
Superphosphate of lime, manufacture of, 

II. 440 

works, odor from, II. 445 

Surface defilement, pollution of soil by, I. 
549 

Surface waters, sanitary examination of, I. 
308 

variation in composition of, I. 308 

Suspended matter defined, I. 264 

method of determining amount of, I. 

292 

Susquehanna, the yellow fever ship, II. 
223 

Susurrus, muscular, I. 318 

Swansea Hospital, ground plan of, I. 743 

Swete^s plan of a cottage hospital, I. 786 

Swimming, I. 377 

Swinging-cap (Bosc, Peclet^, I. 684 

Swinging signs, dangerousness of, II. 464 

Syntonin, I. 151 

Syphilis, effect of, upon health and longev- 
ity, II. 541 

hygiene of, II. 539 

secondary, apt to be confounded with 

small-pox, II. 516 

Syphon-trap, ordinary form, I. 494 

ventilated, I. 495 

Tabacosis, II. 33 

Tajnias, I. 205 

Tailors, II. 65 

Tailor's cramp, I. 337 

Tank system of removing excreta, I. 519 

Tanners, II. 26 

Tanning and leather-dressing, II. 432 

Tape-worms, I. 205 

Taper-pipe, I. 484 
I Tartaric acid as an indirect aliment, I. 170 
! Taylor, R. C, table of mine-gases, II. 235 
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Taylor's pail system of removing excreta, 

I. 517 
Tea, I. 177 

adulterations of, II. 371 

and coffee, physiological effects of, I. 

177 

tasters, II. 60 

Teeth, care of, I. 388 

of infants, care of, I. 134 

Temperatures of rock at different depths, 

II. 25S 

Temperature of soil influenced by drain- 
age, I. 434 

of the newly-born, I. 85 

uniform, of water-supplies, I. 221 

Tents, different forms of, II. 97 

for hospital patients, I. 765 

Tenting-out, II. 173 
Tepid bath, temperature of, I. 374 
Terra alba, use of, for adulteration of can- 
dy, II. 363 
Tescudo, lake of, near city of Mexico, L 
435 

Texture, importance of, in clothing, I. 380 
Theiss river, regulation of its course, I. 
425 

Theobromine, I. 180 

Thermometer, different forms of, I. 656 
Thudichum on wine, II. 373 
Tidal valves, I. 473 

Tide, effects of, upon air of sewers, I. 476 

effect of. on wells near the sea, I. 251 

Tiles, vitrified, I. 414 
Tin -lined lead pipe, I. 290 
Tinware made of terne plate, II. 375 
Tobacco, I. 182 

dust, effects of, II. 41 

in training, I. 361 

Tooth-powders for children's teeth, I. 137 
Total solid matter in water, determination 
of, I. 29G 

Tottenham, work done by sanitary associ- 
ation of, II. 588 

sanitary association of, II. 583 

Toulouse, France, water-supply of, I. 250 
Tracy, on hygiene of occupation, II. 5 

on public nuisances, II. 381 

on village sanitary associations, II. 

573 

Trade-winds, I. 646 
Trades, offensive, II. 390 
Training, physical, I. 356 
Transom window, Folsom's, I. 773 



: Transport, soils of, I 425 

Trapping of drain-pipes, I. 486 
I Traps, different forms of, I. 494 
' Travellers, detention of, by quarantine 

authorities, II. 507 
j Trees, effect of, upon the drainage of the 
I soil, I 431 

Trichiniasis, I. 201 
! Tripe- and offal-boiling, II. 430 

cloaners, II. 26 

Tripler, Dr., on organization of army hos- 
pitals, II. 164 
j Trocadero, palace of, ventilation of, I. 723 
I Tubercular disease among infants, II. 279 
! Tumbler water-closet, I. 506 
I Turkish bath, I. 374 

Turnbull's five cardinal directions for ves- 
; sels, II. 224 

Turner on hygiene of merchant and naval 

marine, II. 177 
Tyndall's respirators, II. 264 
Type-metal, workers in, II. 49 
Type-setter's cramp, I. 337 
Typhoid fever and polluted water-supply, 

I. 593 

and sewer-air, I. 587 

" ground-w^ater theory " of its causa- 
tion, I. 581 

in military camps, 11. 149 

origin of, I. 576 

Typhus fever, on shipboard, II. 221 
Tyson, on food and drink, I. 143 

Ulcers rendered sluggish by sewer-air, I. 
590 

Umbilical cord, anatomy of, I. 77 
treatment of the normal and patho- 
logical conditions of, I. 77 
Unit of area for sanitary administration, 
I. 44 

Urea, quantities excreted under different 

bodily conditions, I. 328 
Urinals, I. 506, 762 
Urine, effects of exercise upon, I. 326 
elimination of, in the newly-born, I. 

84 

Urticaria among carders of cotton, 11. 40 
Utensils, disinfection of, II. 568 

Vaccination, II. 523 

compulsory, II. 526 

compulsory, of children, II. 277 

Vacuum system of ventilation, I. 712 
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Valves, tidal, I. 478 i 
Vander Poel, on maritime quarantine. II. 

473 ! 
Van Harlingen, on the care of the person, 

I. 369 

Van Noorden's chimney-cap, I. 683 
Vapor bath, temperature of, I. 374 
Vapors and gases iuhaled in certain occu- ^ 

pations, II. 13 
Varicella, often mistaken for sinall-pox, ! 

II. 516 I 
Varnish-making, II. 438 

Vegetable albumen and fibrin, I. 152 

casein or legumin, I. 152 

growths in sources of water-supply, 

I. 235 

matter found in the soil, I. 428 

matters, storage and handling of, II. 

416 

substitutes for breast-milk, I. 119 

Vegetables, canned, II. 361 

Vegetarianism, I. 187 

Vegetation, influence of, upon conditions 

of the soil and atmosphere, I. 430 
Venereal disorders aggravated by sewer 

emanations, I. 590 
Venice, rain-water cisterns in, I. 226 
Ventilation, I. 671, 702 

artificial, I. 712 

natural, I. 708 

of hospitals, I. 770 

of mines, II. 248 

of sewers, I. 475 

of sewers, how best effected, I. 

478 

of ships, II. 199 

Ventilating-shafts and -pipes, II. 457 
Ventilator, the Sherringham, I. 774 
Vienna opera-house, ventilation of, I. 
725 

water-supply of, I. 263. 

Village sanitary associations, II. 573 
Vinegar, adulterations of, II. 372 
Vinegar-making, II. 437 
Violinists' cramp. I. 337 
Virus, collection of for purposes of vac- 
cination, II. 520 
Vital statistics, II. 302 
Vitellin, I. 151 

Vitrified stoneware tiles, I. 414 
Vohl's fat-rendering apparatus, II. 427 
Volunteer aid societies in time of war, II. 
109 



Walker, Gen. F. A., on relations of race 
and nationality to mortality in the Uni- 
ted States, II. 336 

Wall-paper, colored with arsenical green, 
II. 47 

Wall-ties, I. 415 

Waller, on disinfectants, II. 547 
Walls, damp-proof, I. 747 

hollow, I. 415 

permeabilitj' of, to air, I. 710 

Waltham, Mass. , water-supply of, I. 250 
Wanklyn's process of water analysis, I. 
301 

standard of milk, II. 366 

Ward adjuncts, I. 761 

proper size of, I. 756 

unit, I. 749 

Wards for convalescent patients, I. 764 

isolating, I. 765 

private, I. 764 

square vs. long, I. 759 

Waring's system of sub-irrigation, I. 535 

trap, I. 498, 781 

Warm bath, temperature of, I. 374 

Warm baths, effects of, I. 372 

Wash-stands, stationary, I. 493 

Washerwomen, special liability of, to salt- 
rheum, II. 52 

Waste of water, I. 213; methods for les- 
sening, I. 214 

Waste-water pipes, I. 492 

Watchmakers, II. 50, 61 

Water, aeration of, I. 207 

analysis, Frankland's process, I. 

302 

analysis, mode of expressing results, 

I. 293 

analysis, W\anklyn's process, I. 301 

chemical treatment of, I. 286 

distilled, improvement of, I. 216 

effect of conduits and service-pipes 

on, I. 287 

effect of large bodies of, upon climate, 

I. 600 

effects of free use of, I. 108 

hard and soft, comparative merits of, 

I. 216 

in the soil, I. 409 

Water-closet trap of Eassie, I. 496 
Water-closets, 1. 498 

and sinks, disinfection of, I. 597 

disinfection of, II. 567 

disposition of, in hospitals, I. 761 
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Water contamination by cemeteries, I. 
544 

natural, improvement of, I. 264 

not found pure in nature, 1. 215 

pipes, cast iron, I. 287 

pipes, wrought iron, I. 288 

pollution of, I. 218 et seq. 

polluted, cause of disease, I. 318 

purification of, by iron, I. 279 

quantity of, necessary for public sup- 
ply, I. 211, 213 

quality of, I. 215 

self-purification of, I. 230 

softening of, I. 283 

storage of, on board ships, II. 201 

temperature of, I. 221 

too little given to infants, I. 118 

unpalatable when pure, I. 216 

waste of, I. 213 

Water-gas, I. 640 
Water-mains, cast iron, 1. 287 

mains, wrought iron, I. 288 

Water-stove, I. 099 

Water-supply, classification of sources of, 

I. 223 

double, I. 214 

intermittent, I. 215 

importance of, I. 211 

in villages, II. 577 

literature of, I. 310 

of American cities, I. 213 

of English cities, I. 212 

of Continental cities, I. 213 

of camps, II. 119 

of Wurtemburg, I. 222, 230 

ponds as a source of, I. 234 

rain-water as a source of, I. 227 

rivers as a source of, I. 227 

Water-supplies, affected by vegetable 

growth, I. 235 
Water system of removing excreta, I. 

456 

Watson's plan of ventilation, I. 776 
Waukeuphast shoes, I. 385 
Weaning, period of, I. 93 
Wedge-tent, II. 98 
Weight, loss of, in the infant, I. 90 

reduction of, in training, I. 357 

Weightman, statements of, with regard to 

workers in quinine, II. 10 
Wells, absorbing, I. 259 
artesian, liability of pollution of, I 

258 



Wells, artesian, subject to variation, I. 
260 

driven, I. 253 

of fresh water, near the sea, I. 250 

shallow, effect of pumping on, I. 241 

in Brooklyn, N. Y., I. 244 

pollution of, I. 243 

Westfield river, Mass., collecting gallery 
in, I. 240 

Weston, the pedestrian, experiments upon, 

I. 330, 331 

Wet bulb thermometer, I. 653 
Wet-nurse, selection of, I. 103 
Wheat in diet of children, I. 121 
starch, I. 161 

Wheeler's water-closet disinfector, I. 502 

White-damp, II. 244 

Whooping-cough, II. 533 

Wicker baskets, for the burial of the dead, 

II. 453 

work coffins, I. 545 

Wilson on barnyard nuisances in villages, 
I. 572 

Wind, designations of, according to veloci- 
ty, I. 665 

velocity of, I. 064 

Window ventilation, I. 711 

Windows, proper number of, in hospital 
wards, I. 758 

proper size and position of, in school- 
rooms, II. 612 

Windsail, II. 199 

Windsails, I. 712 

Wine, adulterations of, II. 372 

Wines, I. 175 

Women, education of, II. 633 
Wood creosote, II. 559 
Wood, Edward S. , on analysis of hospital 
air, I. 720 

James R., case of phosphorus necro- 
sis, II. 31 

Wooden pavements, objections to, I. 554 
Woodworth, Dr. John M., facts regarding 
yellow fever epidemic of 1878, II. 501 

on hospital construction, I. 745 

Woody fibre, I. 165 

Wool and cotton, chemical differences, II. 
211 

microscopic appearances of, II. 211 

spinners, II. 44 

Woolwich hospital, ground plan of, I. 
742 

old marine hospital at, I. 744 
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Workmen, sanitary condition of, II. 6 
Wrestlers, II. 63 
Writer's cramp, II. 63 
Wiirtemburg, water-supply of, I. 222, 
230 

Wylie, W. G. , on hospitals with one-story 
wards, I. 753 

Yellow fevek and quarantine, XL 487 



YeUow fever, how its spread inland should 
be repressed, II. 507 

on shipboard, II. 221 

origin of, I. 5TG 

Zinc in breast-milk, I. 99 

Zinc smelters, II. 20 

Zinc sulphate, or white vitriol, 11. 563 

Zygnema, figure of species of, I. 236 
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